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CHAPTE! 21
LOBCRATION OF THE WEATHER EQUATTONS

I THE SYATEM QF THE WEATHER E4UATIONS

In chapter & 1t was shevm that suocess had not bheen achleved in
forimlabinz a complete aystem ef weather equatiena, taklng inte aceount
the slmultancous effects of all atmospherie procesees. An appronirate
schoratdism of the procasses invelved was pesslble [ron the very tiegin=
ning. Bub the moat that could be aceomiliahod wes the formulation of
a eloard gyatem of h:rdmmcmnicai, t;harmcd:m;iﬁnﬁcal and radiatdlon equa-
tions, aceounting for Lhe transforence of the water vapor, (in the ab-
gence of ovaporabion and condensabion, as woll as in the abuonce fom
the atimosphere of condensation products and othar rad:l.é:hétivo admix-
{ures such ag earben dio:xide, ozone, and dust),

Howevur, thio .,y.at,c:m of equabium ‘L.J not d::.rectly :\pp'.l leable
to the atnws puam,»mmce-ﬂ-l—&se@-mb take mi,c m,count bhe molecular
v:.scosj.w, the molecular “cée:m;uconduc'bivi'hy and the mlecular diffus-
ion/ lﬁ tne anmsphere the ploccz.sseg of internal friction, thermocon-
duetivity, and diffusion L&ke—pl&ae ‘Let ug write out consecubively
all the equat:l.ons of the weather-equation system. Thls system, a?gééev

all, crom;q-ﬁeeess thrae equauom oi‘ averape Jtmospheric mebion ba'iéj;né'

pﬂ:scewg Lcrce ,Le“‘”& m’ uoriolisﬁw o reiepiton :
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then we have the equation of econbinulty in its unchanged form:
d 2 A -
(i ',“' ( i;-mf‘ v - (!’)
bt
The blapeywon'c equation introduces the following change of
variables:
R (5)
)
N
The equation of heat inflew accounts for the inflow of heat de-
tevmined by the turbulent tharnmconduct%vity'and radiation, neglecting
/fuf-
as an infinitesirally small quantity the heat due to the disslpation of
nmcnnn&cﬂl ene gy ﬁf{;:~i v d wa
2 (k! )+ i
> X > X tf
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Radiatien is defined by the equatien:

3
- . AV /
’)Iy' Gﬁy ) cr"::”" _h_):. (e)
e‘('r-__/

whieh i derived by means of zeneralizatien of Fre Kirehhoff's and
Manck's lava.

In the aquatlens (6), (7) and (2) tho coefficient of absorptien

'
o

g .
of the radiant energy 1o a function of the gpeelfic humidity &, where
! wN s

Q" ’CL_A‘X '3'

The tranafer of unter vaper ia deseribed Ly tho equabtion of the
tarbulent diffualon
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fhe gystem of the viealher egmallons (1) = (9) containa 9 unknowm
funetions: W, v, Vi p,(o, LI, '7\/, 5. eside the physleal para-
mebers G, ety 4y R, OpyCoy Iy Vv, G, K which are constants or quasi-
congsbants, these ejualions contain the following variable physiecal para-

I !

neters: Aty A, K', D', Dy &, \X:/,g(\‘,.

This system of the weather equation 18 so complex, that no so=
lubion is possible without proliusmary simplificatdons.

in the derivation of the simplified weather equation system,

S——

the following twoy different in prlnc:ifﬁ]fe“',‘*f_rm Eé@‘__ﬁﬁ,/mst
e borne in mind. First, we con gehamabize the subject physical pro-
cosues, and bhug B trire simplii‘{nd weabhor equation system.
ith this approach to the problem the simplified equations do not lose
thedr rigor; there onlyarises the question of the degree of veality
of such simplified processes.

Secondly, the system of the weathor equations can be simplified

¢ 1IN EEE
CONFIBENT!Y
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without the process aehematizatien, but aseuming that not all of the
terms cempriaing a dven gquation are of equal significance, in view
of which vwe ean nezleet and digeard certaln terms., Viith thig appreaeh,
it micht happen bthat the same auantity will be ne:leeted %n one &qua=
tion and retained in another, ‘The go-bakkes obtained simplified oqua-
tieng cre net rizorous, Lul gpproximate, and eantion mat bhe used with
this tyve of almnylification. Tt met be ronembersd thet the equations
to be aimdified are differential eruations, which, must Lo integrated
after simplification. To atert with, <6 shall discuss severpl examples !
of 8l mplii‘J.eabLon 8. Lhe firat type.
(l) A&uumh-ﬂ that bho aiv is perfectly dry, then s =0, and
the equation of the wabter vapor tranzfer vanishes, Assuning Eurbhor,/
that tho radiation and absorption pmcassc}; are determined excluslvely
by the vater vapor, we concluﬂe,’ bho.i. the subject medium (dry air) doos /“
not radiate or absorb mdlam enerpy, but only scatters 1t. MhengA =N, J v
in which case the radiation terms will vanish from the heat inflow oqua-
tion, and the hydro-mechanical and the thermodynamic equation group will
become independent of the radiation processes. i"la?;ck's and firchhoff's
equations will vanish f rcm the group of the radiation equations, and

the equation of the radlarrt energy fransfer will become: LT

ey o oy (’Pv) (tP“? (,L)cu et

TMis equation containy.a single unknovm funetion, which must be
I PR
obbmssreel beforehand from & system of hydromechanica,l and thermodynamic
equations, Thig funeblon is the density /2 of the seatboring subztance.

Knowing /0 , wa obtaln an iﬂtéglﬁi-diffel@%iﬂ equation which

Jereen 0
defdnes L,

Lgt us note that the separation of the weabher equatilon system
inko two independent systems,’ }:;n the ease of pure scattaringj’/could

have besn forebtold, since the process of seattering radia.nt ‘energy is

.‘P;'Y"fm._, o
hen i
B oy 0,

- Bl=
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not accampani@d by heat tranafer. in iteclf the proceas of goattering
mdj,ant t«ner"v 18 of ne intevest in reference to the problems of dynane
ig meterelezy. Thervefore, equation (7') is nowiere tyeatad in dynan~

i mateorolezy. (hie example enly ohows that the 5vﬂh@m @f v@a‘hhev g=
quations of dry alr is made up of unehangzed aquntiwna (1) (5) , wheraaa

the aquation of heat inflew beeomas ¢ 7‘“‘

.L 12T )+ 2 /20 ,:Lﬁ!{\ 5

Yi'oays w9y
4= f ek U
Wwhi¥o the other equatilons are disecarded, e
(2) we shall aloe dioeuds ona imxorbnnt ml«mrbiculnr esge

in practice. Adgwne that bhe subject meddum aboorbs and radinlgs ener-
gy vilth no scattordng, 1.0, thatTe=0. Wth bhie eondition all the
equationg ol the wenthar equabtlons s;sbmn yi1] have their provious
form; only the gquation of the ,af‘:,nm gner-y transfer vill take the
form of's

-—-l""'w.:,.:i:' = Y\V"" :)'\y Iy ’ (1)
€ ¥

for practical applications, a Fupbher simplification i made 1in

the works of dynamlc meteoroloxy, which consiste in treating bthe sub-
jeet medium as a Nyray" body. I’hig means that the processes of radia-
tion znd absorr‘oion of the radimL em:rggr which take place in the sub=~
Jeet medium,/ara independent of the frequency ~f radiation., This sim=
plification permits us to eliminate the independent variable V by in-

teprating the equation of the raclim{;t energy bransfer (711) with resrect

\/ and by the introduction of new ;Eunctmns.

e::f«’ T
¢ dy' T= T

ne SN0 Tl T,A o
@

Declassifi ) "
classified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000100130038-6

i

v




Declassified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000100130038-6

UGKE i :;\; I}J,*

wpan which the equation of the md;agi energy transfer begoness

-—-*"' ‘) I 7? (7111)

€ e
where &% is tle coefficlent of abserption, havins the same value for
the entire spcetrua, ‘Ath this simplifieatdon the unified iiirehhof=
flanek equation,’ :;m be revlaeed byt he Ltefan=Hollamann cquab,Len. Ag=
tually, integrating eduatlen (8) with regpect i v and, talfinz: inte

acaount €369, we ot

k4 3
g . g LAY LA
(= >0 7= hy (1)
v LT /
T
The lact inbepral by radlatlon theory ls aqual ’Iao-:%r’—; congesuently
vig qobt g
nea < T
i (e)

4

e

e
ST

where g~ 48 the Stefan-Boltumann' consiant.

Usually vwe do not stop with these slmplifications, In problems
of dynamic mebeorolozy it is considered that the flow of radiagt energy
is vartieal, and dovnward-flowing energy 1s eonsidered as beinyg come
posed of the "gray" shortwave solar radiation 5 5 and the "[ﬁray/&onmnve

earbhmnd abmnswh@ric raddation B, 7 & ’;}/7 RS 7 o
'les, the Jo] Lowing 1moun‘o of heat vall ve re‘&eivc»’d Ly 2 unit

volune of molst air:&(ﬁw (A ;/ B) due to the absorption of thme long-
wave radiation, and&(/ﬁ,ﬁw‘s due bo the aboorption of the shortwave solar
radiation. fThe same unit volume of air will lose heat by radiation,
the quantity of heat lost due to upmard and downward radiation being
equal to Mﬁu £y whered. 18 the absorptlon coefficient of ‘the Mgray"
Longrave radiaticn,\j\'ﬁ 18 the absorption coefricient of the bb&éﬁ shotte
wave vadiation, £ 4o the radiation selectivity factor of the water vapor,

E 48 bhe black-body radiation, which by the Shofan=Boltumann's law is

"‘ﬂs”“';t‘“' .
RT S :,N’.’”‘.'
- 53.
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equal te (r"}"'* . Empleying the stated aseumptions, the heat inflow
equation ean be written aa:

YAPN ,

08T 7 petor v 2 (K'2T) T2, (K/E.I:) -

ok > L

b3 )( i Y

(6" )

A

rg (KF T tular e ap5-5 wpE
!

The equatlen of the radiﬂh%" enerpy tranafor breoks up into 3

- - /

2 5=
*ﬁzﬁew(’%’"'f{? ' w %f’,k/’”'f’)/{;«,w,

eyuations corresiondlng to the "eray" ridictlen flew - A r,f, < \ |

These simplified equationg are entirely rigorouc, If it ls as=
gumed that the subjeet radlation process la renl, However, heve arig-
as o number of rerious doubts. Actually, the radiant energy ls not
only absorbed and radiated, It sealtersd as wel)., loreover, the flow
of radiant enorgy L8 not vertlesl znd isotrophe, Cuch schenatization
of the ;racli bion procegses of the ntmosphere nwc».Lij;g:iﬁWon
w!mé)r«&a%ompenéatsd&un:by—a grca‘o/ gi.m: Hffa«*@m)n o the weather equa-
tilons svutvm. Lomlam son of the theoreticel results vith observations
vill how mt, sua,h gLy lj.i‘u'ab:n tma of t.he atmospheric radiation process-

. e iy .

cs;/aa appliecl o the probloms of dyn:\;mc neteorolory are pcm:lqs:ibla.

(3) e assumo nov that the turbulent t-mn&&e&» talftv ph ca
only in the vertleel direction. Thon the terms deﬂtermimd.nbyut-he hori-

zonbal turbulent Mrdvanish, and the weather equations system bo-

cones :

(1)
"lr{'(_{__ AA, 9‘(._;,0"3’4& J_Mc:}&!,m _/‘e;—?j +

>t K 9‘3] ES Y

N wymw)vfw(/( ‘ ),

r””""”\'“nq',, 5
T ta
Mol wy 'MQZ“‘J u:“:

n
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; 2k 94 23 (W

L AP ¢, S - Curr (} «
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. o (1 _4F g2 = A \7 “
2k =d € (A-1E)) T

Y % (8)
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These #1ve the slmlified '.,aabh@r‘ééguatidﬁs\a;v#iiéﬁﬁe to the
problems of dynamlc meteorclosy. lHowever, as vas seen above, further
slmplificatdons of the vweather equations are poesllle, based not on the
achematization of the subject processas, but upen the @valuati:ng of

the oprder of mepmitwde=of terms comprisinz Lhe equations, In thie chap=

IS *

ter we will discuss somo of the simplest,intepratlon [roblems of the
appreximate weather equaticne which wese selied by the Devlel neteor-

cloglate,

LN R S W
-.M,u“hga,u?@-'

-
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GONFIDENTS,.

I1, THE DISTRIRUTION OF TEMPERATURE WITHIN THI'}

s
i

EARTH'S ATMOSPHERE AS DETERMINED BY THE RADIAH
AYD THR 'I'URBULFNT HEAT TRANSFER.

) 'rho thoory of radia.m squilibrium whioh aooounha satisfactorily
for the/ utra’eosphur!re igothermiam, reswlts in o:aggon’ced tropospheric
tomperature gradiente. As was already chown by Frifdmo.n. the oonslders
able devietion of the n’unowed gradienty from the valuwes predicted on the
basis of the theory of rndimﬁ equilibrium, ocan beo oxplained by vertieal
bbonss ™

Kibel, when solving tho problem of temperature distributien o# the
onrth's atmosphere, dotormined by the z-ndie.:ié :ind turbulent heat tranafer,
obtained good correlation between the oonputed and obnerved temperatures.

Kibel starts with the heat Inflow squation, whioh he takes in the
follewing formt

£+ & ~eedl o dp (1)
/ E3 N T e
a| A
Where €, ig the hent 1npu'c (por unit volume, per unit timo) due to

radistion, G"a. is the heat :I.npwt due to the turbulent ‘Dhomo—eonduc-
tivitys No oonsideration is given to heut inM' due to condensation and
evapomﬁion? In solving the static problem of tho annual mean temporaturs
diatributi?n. Kibel mskes s series of simplifioations, In this case we
oan abstract the veloolty field and consider the atmosphere as being qui-
esoents Then the ordinary derivative S L; oan bo replaced by o partisl

derivative f ,g;whieh in the static oase is equal to sero; oonsequently,
T

e

g2 =0 o Besides, we ocan oonsider tlhe pressure as being independent
» ,_,, ™
%, TLN

of time, whence A Qe The heat i.npwb by radistion, Kibel oomputes
by ‘the simplified achene, agsuming the existenoe of two vertieal ourrents

of radiant snerpy:

~ {Ag”r\-n e
“\M\u I.JH..U! B A

oy
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IREIDENT

(1) The upward current somposed of tho "grey" short-weve solar
redistion 8 and the tepay" long wave atmespheric radintion M
(2) The dovnward curyent composed of the "epay" long-weve earth
and atmospherie rediatien Be
Thus, we have,

e E i e, E
£ = A G (AT L:B)v"&lgé’ug R e

l

(2)

where o is the sbmorptlen coofficiont of the "gray" long- vave rede
iations G&//; is the absorpblon cooffiodent of the Ngray" short wave
redistion) 7’:‘4‘4 "f!.n‘buorption seleotivity faoter of water vapolrs /Q‘z-'ie'!:'.‘don-
gity of the wetor vapor==the substence whioch sboorbs and emits rediant
enorgys £  ic the blaock body redistion, scoording o Stefan-Boltrmanne
wr»tl

E = C (3)

Tho heat 1n{§% due to the turtulent t%o-éonductivity is given
by the formale

. }) ' f u}»;-*“) ' r} /ﬂ/_,,f / .,7’,;'—— Y 5 o -, - : 1
£, 2| K] Tl CARRE S S AN
! N T oL e ’ o /
(38)

Asoounting only for the vertical lwkermixing, Kibel simplifies thie

equatlon, getbings

;-2 (T

..

> oy va / (@)

Y
With all these assumptions, Kibel writes the heot in{n’b equation

as follows:

% (/(};gf)vf-*:ﬁfw (A+B-24fE ~Bs)=0

> by

TAMPIREL T

;,}%xg.‘;_t.l":‘\‘al
R %'*d!‘i“ﬁ“%n‘.
w 68 -
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Ul

Thus, equatlon (6) cantains five unknown functionst T, B, &) By
and §, of which we are only interested in Ty the other funotiona are of
an suxiliery nature, In order to oomphte this system of equationa with
Gpe Figne?

five unknown funotions, Kibel asscoieten oquatien (3) with the equation
(5) ns-wn-u threo othar equations whioh define the transfer of rmdia.m

onorgy in tho atmoaphere:

Ah = A Cm T £E),
:fbg;

aB oz x€,. (FE- B,

PR

61«27 (6)
AS = o BA, S
(5“'—3

Rarthormore, Kibel formmletes the following boundsry conditionss
The upper stmospheric boundary receives o poriion W of tho shortweve solar
radietion, sinoe the other portion of 1t i reflected by the atmosphers,

sarth's surface, and the o".l.ouda. Consequently, thore is talen into aooount
the average reflection motoi;"oyf'fha earthe

Besides, it is sssumed that at its upper boundary the atmosphere
rodiates out into the cosmie space ag mich energy au it recelveds There«

fore, the upper boundary conditions oan be steted ast

A=o S= W B W ( N S ()

For ‘the boundary condibion at the earth's surface, Kibel takes the

heat balanos equation

¥ n
- (<.%j+ K d:T s At S~ 13 (whmog=0), ©
O
&

e

oAt

sdai iy x
RSB vsa:s.

~T89 -
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ARFDERT.

cime

where for tha upward heat flow we can take
B = “q E o whin 4 0], (9)

where ¢ is the fsoter nocounting for the faot that the earth's surfece
doos not radiets as a perfect blaock body.

However, the boundary condition (8) introduces & now unknown funce
tionw=goil temperature T¥ (the cooffiolent Kk of amoil tmv;w-oonduoﬁivi’oy
in regorded as o given physioal parameter)s The intreduction of T* requires
the setting up of & new equation for its doterminations But Kibol feels
that, for 'bha given problen of the onnunl menn tempercture digtributionm,
he oan nep"loot hou‘b A npeb: m='bu soil, which results in the simplifiontion

of the boundary condition (8), as follows

l\ éLT— /L 4 g J (;UaLﬂm. 4 ’-‘-0) (10)

Furthormore, in place of the 2 coordinate, Kibel introduces & new
independent vericble="the optleal thickneas" T of "eray" radiation which

ie given by tho followling fornnlast
X = \“rv}w’w‘ oL, "dew'd"‘
3

Kibel also eliminates the temperature T from the subjeot equations, ex=

(11)

presoing it as o Sinoe

&E =y o7 T4 AT == T AT
ﬁf(, *\C p(.,. l‘_’ A €L v d‘é/

squation (6) oan be written as follows!
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& (Kst aE)shrBor fE+ES=0

boT? 4
(12)

Similarly, equations (6) in terme of the new veriebles are as followst

A A E '6 [ - A~
13 - 8 - E \
“’";2”"; B (13)
O‘- S ool -~ 8 S‘
B (14)

4

The boundary conditions are taken ag follows:
o . -1 L .W,\.fa-.. ’\< - 0
Azv ), O el Rz (Wi )
y . ()

o
Kat. 2E = A“TS_.%E_:‘(V@\—T,_»\cb:kéc{ew;m%.)‘
16

JoTe ac )

Bquetion (14) oen bo integrated directly. By mesns of the bounde

A
Sz=W-e (an

ary oondition (16) we find

Thus, we have obtained 3 equotions (12) and (12) which contein 3

unknown funotions A, By B, To solve ‘these equations, Kibel introduces

mmdimonsionra& funotiona 8, ¥y, 2 which are defined by the squolities

B+ A= M/m B-A= W%er 4k (18)

HH :ji::a Nl

!
!
1
}
!
3
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DBy means of the relatienchips (13) we can easily obtain the forw
mulas expreasing the two new auxlliery funotions in terms of the third
ene; for exemple; the Y=funetiom, Sinse

/A*+5) B-A (16)

LT
then
o =y
A
(20) \
Integrating (20) we gob
~
vy oa (o) + S g <.
& () J (200)
or
7
ﬁ-:’*‘g;c%"’t‘(“ (21)
sinoe
alo)z B(o)+ AL o /
3,/\/ (21w)
Similerly from (15) and (18) it follews that
C g -l
.. 1 A+@-d (B-4 :ﬁ&a'mwﬁ
£ = " I WY (m)

or, by (21) we got

iy
I+ | gl T Ao (22)
s {iv Sy

ﬁs\"?emw W
C mﬁn“ .

“ 62 m
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Te determine the unkmown y we set up a differentisl equation as
followse Sinoe by (1) we have

hrB-2tE = (DA

(28)
then by moans of (14) and (23), the equation (12) onn be written as
d [ Kae, LE\w~t (R-A _AS. =0
Z"'(""“J"—'-“{‘*“{’ el AR (20 ‘
Integroting, we gett ) B
IKat &, i £ > Sl W a
G 4 B .
J7/(;"'[ & \(
But
AL :__V,_/,M.eé..%~..‘{’;/.—<é}-dil" .
x  F 4T f e (250)
and therefore, (,
y—"
3 Y )

Consequently, the y.defining equation is as follows:

3 e
A (1 w4 1’61)3.:~i§f-t‘2~"7f‘<27>
KA Gy INA fow

The boundsry conditions of the Y=funotions are obviously!

Yul (at Tz 0) (28)

Y .u»rwm« "wr
HEVIRTITATE S

...63.-
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Furthermore, Kibel believes that while each of the quantities
T /% )/< )o(, vary with height, tho combinntion 5 'T"B//W,,,«ﬁm remains
praotioally constant, Setting

o=l oAl
K o Gur ? "

thore is obtained an ordinary second-order differentiel equation with

constent coofficlents: _F <
&a ’. ",»\.A J (’2 n, =~ ) e
o( (31)

whioh ig essily integrated. Tho general solution of ‘this equation is as

followss
B

A 2 ! v

(82)

The arbitrary constants C; and Cp are determined from the boundary
conditions (28) and (29)s With this Kibel pointe out that further simplis
floabions faoilitating oaloulation are possible. Sinoo@‘?\/l » ‘the terma
oontaining c—m"(.‘; oan be negleoted, sinoe ‘they are small ocompared w'lhh
unitys Then ws havet )

2

A el [(‘&-' “( 3’13 "5}*{5‘__,}( o p(%)

[+ bc+-

BT

{:QM

Fame
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N ’1!’&*” P

Wil hf‘,g:; '

(34)

Finally Kibel obteins the following solution of the sub;)oot pmblam;
] A

v 2 2 BT I
£ =L 2t i B 2Bt pe e Lt
R R i g I
=Y :2 --q"f\ T " 3 ﬁ o (
B =P 2 -
" SR !

Thus, Kibol arrives at o reoult, which reprosonts ﬂw unﬁ:icaﬁon
of Emden's oonclusions in the theory of ra.di.u;b equilibriume Ewmden's
solution represents & pm'tiouhr inatanoe of Kibel's golution, oOY e SpoN«
ding to the onse-cf- 'bhe-hek of turtmlence, when K=0, Kibel mnde onl=
culations for the 42 dogreos’ 19.':1'!:\.\:10. toking M=14763 q/f-l.]sl W=0,1%8
enlories per squore oenhimotor 4mimr!:e. To deseribe the digbribution of

woter vapor with heipght, Kibel uoes the fqllovd.ng empirionl formule.t

i

L.
Cur = G’ 10 (o)

where g

1-~ey20° contimeters (217)

X =
QQ

e § Qwo o 1o %2”
9 (88)

+
/

”A’ Vex f ot o

To oaloulate 7, he made uge of & qummhrinugm:dgn,
At

vmiah,..unonr.dinsako Emden.’&a 08 foldewst

mur'!"“"n et
S R S

—65:—1
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GERvia

(Hv "'C'f;

(29)
Foroirn
Thus, oaloulations were made in-gecordance:akth the formules )
£ - 2
:L 1""'"()" ,z A in__, =S /0
5 "fu ’T‘c,g f(m. /@ (40)
where it was assumed that!
-
(,fwz = é s [0 N
A= TR L /ﬂ
J— (41)
7; IG"" QEO IR0
g 9L .. 'T‘"
then cc. S RL s+ For V/f = it follows thatt
75T
A -0 ALY
o‘/é“?’f 0. ot/7[é.1a..4.a‘(o'ﬂ. g &5 (42)

b 3¢ s (T 12 tﬂ

A distyridubion of temperature with height wes obtained, which is given in
Table 66+ The same /'fable also gives the avercge temperatures, ocomputed
over & ‘hhroe yorr period (1938, 1939, 1940) on the basis of the rediosonde

iy \.1;

isatlon atGtation(Ousha) UsSehs § Ore60°.

CONEHTAL
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=3

852 56

Temparature Distribution with Helight

5 7 8 9 i n 12 13
= ( wend 2.3 3 4 b [ 8
Ziem # 0.3 0.5 1.0
T 9 1,45 1.1 0.8 0.6 Cad
- A 1 o af
i Y 6.5 5.1 L0 3.2 245 1.
T 12,56 12,8 10.5 8.4 .
52 - - - - - - -5, 0 - -2 - =
x5 2 -'-@.9 25e0 13,0 5:-.@ 53- [t
'“:} T computed 8 Lo 3.5 5.5 13,0 19,5 26.5 33.5 A ‘:
== mp ] 9 g D
= TV - - - -. - -4 ~5Za =55 =55
' ] 8.1 9.1 3.9 5.2 -0.1 5.1 12.2 19.5 26,4 33.7 20.8 2742 5243 7 7
T observeé . - - o

-
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As oan be seen from the sbove table, there wad ologe agreement
betwsen the observed and theoretionl valuose Deapite ite close agree=
mont with thabém Kibel's theory wes oritioired by Ne Re Mallkine

According to Kibel, the cceffiolents of the equation (27) are
congtant, Aotually, these coefficients inorease 1imitlensly with height,
sinoo ,’%’.«v,%v‘iﬁtor vepor density (which appears in the denominators of
tho oooﬁ‘ioianta), spproachen zero vedwo with an inorease in heighte
Malkin pointe out thet in the layor extonding from 17% 10 kilometors,

Z:9  dnorenses by 160 times. Acoording o Malkin, the close ogrec-
ment botweon Kibel's theory and experiment is purely acoldontole Ao
oan be seon from ‘the sbove oited oxmple. the (E taino@reault?’ dopend
primarily on the posepliod vuluo’; o oor’cain physicnl parometers, whhh preense
sidues  BYS mot movarevely knowne

Malkin solves ‘the come problem more rigorously (vy means of ine
sogral equations), oonsidoring the ocooffiolents of equation (51) as
voriebles Unfortunately Malkin does not give a single numeriosl exem=
ple %o {11ustrete his results. Therei‘o:-e » ‘the quostion of error due
ko Kibel's simplifying asuumptinnn M-‘bha- eons‘oanoy ofbro- 000 1m
clents of equation (31) vess not oclerifieds

1n conneotion with Malkin's oritioiem, 1t must be pointed out
that the eorrelation of Kibel's thoory with the results of observetions
oan be explained if we regard ﬁ v » nob as representing wober voapor
denoity, but the general density of all the gubstenoss playing an active
part in ‘the rediation processes (weter wapor, plus ozone, plus earbon

dioxides)
e
T1I. THE MEANANNUAL PEMPERATURE DI STRIBUTION

TN THE BARTH'S ATMOSPHERE
Kibel's work in connection with bhe everege tempersture distrie

pution with height considerebly ndvansed the theorebioal solubion of
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this problems Kibel's oalowlabed exampls indicates the olese agreoment
of the theoretiocally dotermined everage temperature~versuas=height dis=
tpitubion with the observed results, FHowsver, this close oorrelation
botweon the theoretical end empirieal results does not hold at all geow
grephioal latitudese This 1s explained by the faot that in addition

4o the vertioal turtulent exchenge, the tempersturewversus<height dise
tribution ig materielly alfeoted by the large-scale horizontal oxchange.
This horizontal exchange is quite appreciatle at low and high geogra=
phionl latitudes, its rols being insignifiocant at the moderate latitudess
We reonll that Kibel ocompared the results of his computetions with obe
gervations mndo at 40 degreos latitudo, at which the effect of the hore

izontel exchonge ic o minimume o

Therefore, in solving tho problem of the moanspnnual temperstures
verusua=hoight distribution anywhere on earth, we must toke into acoount
not only Yiro redintion and the vertionl turbulent ’ohenz-conduotlvity,
tut the large-nscele horirontal exchange as well.

The firet attempt at the thooretiocsl solution of the prodlem of
the mean~annual temperature distribution in the enrth's atmosphsre .-
tuking into account the influences of the coni;é.nents. cceans, and the

e,

large-scals horizontal exchange— weu made by ¥e Ne Blinov.a She storts

15/ A
with tho samo heat ifmgwb squation used by Kibel:

c p L -dp- € &y
r€ at At (1)

where é} 18 the heat input dus to radlation, £1~ ‘the heat input
/A:‘yr ¢ C/hu o Of" rf" 1
due to the turbulent thewmooondustivitys The heat inpu& due to bhe b
e~ wnbor phaso.andabion is neglested.
St flsne
The Blinovaexpraasion for heat iﬁi&t by radiation is identioeal

e
o that of Kibel's, namely;}/

“ﬁ“‘f""d?"""”l ‘3
WG Jl‘..tvs-  ln

“ 69 -
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£ oap, (AtB)rapg,S- 23 3 € E
(2)

gznoa sho makes the same assumpbions as Kibel in rasard 9 the natuve
of the atmespheric ourreunts of vadianﬁ onergy.

Teking the earth as a sphors of radius fo, Blinov introducesn
spherioal coordinates: r - distaunce from the center of the earthg
labibude complamont, 99 longitude of a polnt, going anstvmrrd fran

s F e
the initiel meridian, In sphorical ocoordinctos the heat hnpuh aquation
dus to turbulence is as followss

oms ! 2L
ey: L (VRED ) A AN
2T oAt ¥n Y- e (3)

2 K a‘f‘
i
2 C? /.\. PRI e’ "fp
e T Saesun
vhora K 43 the cosfflalent of turbulunb bhummoonnduortviby dp*orm&nad
e T
~by-twer vortlaal exohnngo, and ;ﬁ is the ooefficient of turbulent zhtuno
sonduotlvity doLnnminéﬁuhy-xha large~-sonls horizontal sxchangse Instead
of the coordinnte ¥, ws introducs the coordinate pmrs -8g, after which

squation (3) becomest

7"

5:."'-*““(/< \) , W

LS»&
, ,B,.”( /< . M‘/
*ra S O ‘a@ //

In solving this problmm of tho meandannunl temperature distribuw

[ Lwéa/&’)

tion, Blinov treats it as a statlio problem. Besides, the aversge veloe=
oitien ars taken by her to be identieslly equal to zeros. This presup=
poses that no ;:;ﬁ;;&yhnah tyanafer takes plnce, all of the horizontal
heat tranafer being the result of the large-soals horizonbal burbulence.

Then the equations of the problem becoms:
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FoN Ry
(Avor Bs-aE) 12 (k55 +
vy

*E]

¢!
‘ -, ’ rAT
—-'-—-"“‘ [ﬂa" Al ( K Tyteny é'?;r’*" M‘;%ﬁ' ( a—{—%—’; W =8
4% mmd LOO KO
(6)
2h_ - o, (A-F)
7y
(6)
- ol
28 g}&€w<’bﬂb) (n

-t = (8)

E = fz/ o | (9)

e art 1n fé”iﬁi’;.ﬁz_‘/r

The neguiasd funotionﬂii°iﬁit of the temperature Tj all the other
funotions are of nuxiliary importendss The boundary conditions are as
followas

(1) The upper atmoaphoric boundary recelves only Hm ghor b=
wave solar radiation, therefore

A=0 with ® 3% —» ©° (10)

(2) Not all of the shortwave solar radiation, which implnges
on the upper atmospherie boundary, enters the atmospherss A part of it
entors the oosmio spaoe as & result of reflsotion from the earth's surs
faoe, sir moleoulag and the oloudss This alroumstance is aooounted for
by Blinov in the following boundury conditiont

il Al b ST

RN R AR

o ) -
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GoMTInrETIA
5= 2’/—1"(9,49_( w(8)= W(o.0)

(with & =3 OC) (11)
( atiaal
where l is the earth's refleotion fa.ctm'. determined malnly by the naturs
of the underlying surface, ac well as by oloudinessy W (#) 15 the avers
ago quantlty of soler vodiation delivered per unit of time to o unit
surface of the uppey atmoapherle boundary. This quantlby lﬁ?;;;ndo
on the latitude ¢’ of the pclnt..
(3) It s Mnumd,/tha’c at the upper atmospherle bouadary,
the temparaturs levaly off along the horlzontal, as & raoult of whish
,__?z.f 2 "‘“’Tw = 0
ria ) (f

(4) Egaidan, it is considersd 'bhr.t,/in-gmmlﬁ 'bho ammm'b

(with 2= 0®) (12)

of he’ﬁhorwm.vra(inno E) solur radiation is equal to thoAmnmmt of tha

longweve radiation leaving the atmosphore, 1o

;S‘S Bd;ﬂ: S<s§ W ds (vith 2:8) (13)
)

() At the surfece of the oarth thors obtains the ocondibtion

of heat bnlanocet
¥ 5™
kT + K 2L = AtS- &
e 3 (with Z = 0) (14)
3}

whors /Q'“**- is the heat contributied by tho soils However, Blinov¥
thinks that we oan meglsct this latter heat 11@\\:!: in our problem of the
sorth's atmosphoro.

(6) At 1ast, we have

(8, E = %ffﬁ' f (with 2= 0) (16)

where q ¢ £ is the grayishness soil faotor, the sooffialent (olose to
unlby) whish indieates the 188 5«thansblaokebody radistion oapaolby of
the solls Intvodusiayg for 2 the new indepsndent variable, the optieal

thiokness X, we havet

ﬁnper"g«»-m e
J YR ERL
(TR I

4 v
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 CORDEATIA
u S
§ o .
p P ¢ (16)
y whers U = ‘S o pp 3 )

L}

o
and assuning like Kibel that AfBaay B = A *Y¥, Blinev tranaforme the

fow
heat ‘ké;a‘;ib equation as followas

2 TE
- ( e r-'"w [ - i .7,,,_,
+BS-3¢ '*"’;%"" 5y \ vale) Y }

. yE ]
'i"“l’ ::‘“" (/\f? L d.,:-"_éi “f’,«ﬂ-—-‘ _._{Vlf »g-—-"jﬂ 0

S & 49 A & 7 'gi
(a7)
whore Y
7“ ] /(' > (;'nf ) /VZ = /\ ——
2 3 Y
% . l 7/? 7 T L/.:fi B a v @ 6(4(" (lB)

The quonbtities m and M Blinov considers to be prootioally con=

gtants From (17) it follows that ¢
a=z2E-fBS 2 2E
ek ) - 2
T (- )) 3 X

[ 21";7 (16}
R -"“" !Mig /1 Y 19
mM[Jwe {/ 6«;6‘) ol 9

As was shovm in paragraph 1T, it follows from ths squations (6) and (7)
thats

da = To' (20)

t\“r!"'.r'(\*’y 141
U .w N LAl
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i
!
1
i

Jf'"smnu Vas
""‘kuli ‘ ,l

e - (a-2F
TY

(a1)
and from (8) and (11) we gob:
2,

W™ < ¥ (22)

Therefove, from the equations (10) and (20) we get for yi
;L 3 o L ‘
4 = B4+ 05— o DE ﬁl x [ ,i.. (
Tu ?})( 3(\’)\\»«0 S‘L"}' :

b8
55!“ ,‘51‘45&6;“ 36{"’

=
Subgtibubing further inte (21) for & and g’thoir equivalents from !

(19) and (28), and, tranaforming further, we get an equation, whish con
o

taineg one unknown Punntion Bt

A Cl L. 2E
0 e poniis e M (see 22
m,:.z.»u- 'fﬁ__,:.‘;« - W.__..‘e A "—'________‘7_. R \ ¥ /
B e YT sem & LoKF2T 24)
F A S ¢ . 74 . g 4 o
o .‘2. ').‘ 4 — e -l ’}’ .~ H 4 A" i -
- . Mo R . U ™ e T e
L3 2ENLTW g (e e ZE )= ST (AT sy
¥ N k G & 7@ ¢ T o 1 i
o ed Sy 5

B B RTTW

The boundury conditions for the new funotions, with the new in

dependont variabls x, are as follows!

= Lan, =
[L ws “é - 0 Lo £ X' o (25)
_ﬁ:k;:m e ; = - 0 i {:w“' 18 = v
o6 a‘(\ (26)
(4 -y slgw & Was wrth £ =0
jSS (a-g)ets «(5 (2n)
4t R BE =G e TS (2
(l"w(‘nml) A(’L, 2’ X
(29)
Yot T - ( 8*«‘) Exzg them xo
T, >X
a4 =
SIFIBENTIAL
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50“"'”\*‘&
W ew i

cnud;w/‘am o
Equation (2¢) shows that bakine-inte-roonuni=tho large-soale

horizontal tranafer complicatas the problen sonaiderablys Aotmally,
with the vortloal exchange only, the problam of the temperature dis=
sributlon vergus height besﬁi?dm %o the porformance of two integra=
tiona, and the solution of one mﬁ@fmﬁmmmm oqua«
tion., Taking into acoount she horizontal exchangs, We have o solve &
fourth-order perbial dipferential squation.

Te note that the majority of the problema denling with sphorical
aurrmoouL onn bo solved compayrabivaly simply by meann of the well-known
QIM go=onllad spherical funotions, whioh play the sume role
a5 the trigonomotrio funotions in problema involving oirolas, Verious

- funohtions on the surface of o uphm'eK oan be represanted in the form
of an infinite series of sphorienl mﬁotionn, annlogous o the infinite=
serien trisonomatrﬁ roprouen’catimr funotions. This olrown-
stance wng employed by Blinov in tho integration of the squation (24)

The funotion W (&, # ) which expresses the guantity of solar
radiation entaring the atmoaphsrs anywhere on the sarth, onn be repre=

gonted by an infinite serles of spheriocnl funchlons as follows:

-4
PR
),//(4:‘,‘9)":?}: ZLW’V\"‘\(C 35; 4\ o

. ’ - " "

I

¢}

AP

(30)

L\i

] W ‘UL
whera W, 5 Wa » W~y are the corresponding consbants, B, (Cos & ) are

he so=oalled Legendre polynonials, given by

A y1)
Pa(4)= o 2 (1)

snd gabisfylng the squation

Declassifi . ™
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e

sdFdllutin

and ?,g {y) are the spherieal funatione given by ﬂm formula
den ok pk
7’*(6}) S(1-) TR a APy
;’Lg“"-

(83)
and satiafying the equationa

-0 TR0

whore /m 1o the parmnaters
Blinov'looks for the solution of equation (24) in the form of

an infinite series of aphorical funotiona

T L2mp cos) +

E fx 9‘ £ / I
qt I‘ S i }\ = ) L /{ ( » _; "‘PJ#~
. . oo ¥) 2y A j v, Coo (35)
'i‘ KZ Z t»}xcx) Sua ’A'"'F Ly E"\ ) hR f o (C%'QI
o AN 1

4 4 th .

#A Subnhi'butoﬁa:rioa (30) and (36) into the squation (34)s Teking into
aooount the equationn satisfied by the spheriecal funotions, and equil=
Jt./f'nf u‘;y /

ing the cosffiolents of bhe identloeal sphorionl mnotionn we got the

followlng equations for the determinatien of ‘the oaol‘:‘ioionta of ‘the

geries (55)

Ak ’\COL-%:%W ?‘/H‘K(mf“()\’(&%;%#

S ad

"‘/11\%-«» H [LK ( )
36

A Mt n () E = P(-# ) 7 "7‘;’9".’%4

w78 wu
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AMEINERE
HARE T ET

where n takes on all the values from 0 %0 &< , and h takes on all the
values from 0 te ne To determine E:\h we ged an equation similar to
(30), putting vvm" in place of \f\/ viiore h varies from 1 %0 A

The solntien of equation (36) for all E{: (exqept E )

has the form

gt (C )A - ,.(c KM(C )\

T (s7)
+ ( C#) 4 a 't- A
vhore (C (Ct "y &1 ﬂ’z ‘,:\\} (CJ has nrbitrary conatants de=
tormined from the boundary conditions G5) 2 ) and Ky, K, are given /

by tha formulns /MMW
-J

.’,’\/—7 /,,,L,,/) 'Fk)"\./

AR SIS IR ST R e

~ . - 2
Ao ® M‘\/ 1") - \/['f‘*,f.v(m\"“_l)bﬂ\*(:?:i)

s —a
Voo Y (ae)

ey

\
WY M At r ]
where :D»,\ = / VI ( "~ "{_AZ.,,.._...—.-LLM'“L (39)

At last &:’; = _’3: JB;‘(/-,E’)Q (- 1) V/"i (40)
‘ B=( B w*) + Dy (1-7%)
Bllnovaumnod the following numerienl walues for ‘the physionl
perameters: m= 1.75;'1":-12.8;/3: 023 3/p = 1,163 in computing tho

quantity
.,...,....QT::‘) - /‘: / (408)
X ,/\ (he,, 4,)>
KK

She setst »Mx 10 , and 4n the onse of K and ﬁa she takes

y surfage c.,n.',fez/
thelyr avsrage gumd valuos' =.7,27 squars centimeters per groim,

w T -

Vi ne
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{‘ vy *
..kﬁ;la;.,..lﬁ‘

/2, = 642 x 10"° grens por oubla oentinetors Thon M (mBe1)/2 = 0,00128,

Bosldes, wo oan with great aoouvaey 'm'ito downi

o P ,,\\-""‘?i.':""m
/k A '\C 0 1 )' //C -\‘: :‘J____!__:.i\’”__ -
~

,r")x,m

In the do’aemimtion of the arbitrary consbanbts for an 'talu:1
E.,l,’ and E, , with the exception of E,. , wo taker E, E- w0
with x=0, whioh corvesponds to the boundary sondition (ae). Thus, the
arbitroary oonnunbn aro glven as followat <- - "( A

LY a AL (Qrs)

T (VD T o
'?L— -‘O T Sty -
(41)

w8 =

‘Q””"'{ M‘? A
’ L x..d ;...-;‘
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nfi“" N OE gy
L5 ! .
[ R FRERY R

vhare ] ‘ - ~ /\6,“
- /':rL.fg" ‘b' o /\ } . ﬂ] & . m >¢(I'1/<m - ,_,___..—-'e‘,m'g"'

Q - iy n e Yy |

t4 P

(42)

'W\-'

To determine E: wo use the boundary condition (27)e Besides,
8
from (36) it follows that £, mthﬂon the squation

9, —T‘,@KW

4 : :,r
2 AYEs ) Afsw B BT “ ;
— h A 43
‘\"r‘\r}"‘*f GQ"K \J \f‘f\vg;lﬂl s}'}(}

Equation (48) had been already solved by Kibel, whose solutien

s used to get E,u + Having determined En  ond ."'A by means of

*

formmulas (37) e solution for E oan bs obtalned in the form of sariag
(36) and, by M 'v:;rious values b0 X, 5,4, bo oompu‘bo the distribue
tion of B for the helght, longltude snd latitude of e givan polnb,
Knowing the distribution E ﬁ'f‘“ 7““‘5 y it is oo.s;\) to gebt the temperaw
turs distrivution (supplement 16).

Blinov‘?mndo o oompubation of the meanwannual distribution of the
zona) aly temperature according to the height and meridians The earth
reflection ooofi‘iciez;b/,:’;: )éaken +o be conatant and equal to O.7. The
funobtion W which represents the mmount of solar radiation sutering the
a'bmoaphore, ig o funotion of £ only, and can be n‘[ﬁ%is a seriss

oe«hhe Legendre polynomials:

W (8) Z ,Fi‘ (’C’m t}) (44)

MU

Then the solution of the problem is sought in the form of a seles

e
ofmbhe Legendre polynomials:

Declassified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000100130038-6



Declassified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000100130038-6

LONFIREN T

o,
Eireys & Ex(0 fiené)

(¢8)

prvasteslise

Tt L& known that the earth's mnun/nnnunl sxpewnve 15 cymmetrioal
about the equators Therefore, W(S ) must be an even funskion of & ,
1490 W(F) =W —8)s It iz alao neceasnry that all the ooeffiolents
of ‘the uneven Legendre polynominls be identloally squal to zero, 1.0 /

that (L) =l
LR

v b « -
=NV s w2,

™

-~

Blinov takes the W( < ) values from o book by Milankovieh "é@
Mathematical Climatology end the Aatronomionl Theory of Climnte Varise
ti«qnn": Using Milankovieh's dnta, Blinov ocbbtains the following values
for the soafficients of the saries (44); /\/02.0.1498, Wf = =a07093
Wj T 040067« The remaining ocoefflolents w,‘: for nyy O beomme negligi=
by smalle Compubdng Kn, T, A, s (00 4 (0o ¥ 4 (630 4 (0, )

for n=2 and 4 according to formulas (38)=(42), Blinov obtainn the fol=

e
lowlng expresslons foxr Ei and B, according to formula (37)1

3 23( gt v. bl x
- : ~ _ -«
—— / . —3-5 X7
-3y ~Dbix
=T egg et T TR
J
o -3 22 (x~1) NN LaX
Elﬁ( 2 b [-— 0] oL — l.oft —~ 0772 .

&K N O o
— [l 2062 = TR
J

o
and for EO
S I 4 N al

E°:‘o~osw[é,73~‘/‘«f’0-€ 6. .55
b

22(k=1)
- 0240 7

Fant
i

(47)

-80-
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RS Lol Ea R ol LR )

i, L um

The final expreesien fer the function E (x, # ) is ao

followa:

2 (x 6= By ) B (%) P Crief)

e E; 5:?‘\) Ty (e ), = (48)

i

A
On the basie of formulas (46)~(48), Blinov ceamputed the m@anj

merature with height and meridian. Tn
s the following

annual distribution of the air b

Sl dé ld

fg-om the opticel thickness x to the height z she use
relationships _%;
é}u C e “";./ -
Gt = [0 fue (49)

( 4=8,105 centimoters)

S

Table 57 #as Lhe results of these computabinng,

(see page €2)
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TABLE 57

THE WANZMWUAL DISTRIBUTION OF TEMPRRATURE
WITH HEIGHT AND MERIDIAN

TITUDS

Hﬁ%’fm%m@ﬂ) 90 80__ 7060 .50 ...40_.30 .20 20 .0

0 253 255 261 269 277 284 291 295 298 299 ;
0.5 s 59 64, T 79 8 92 9% 9 995

1 56 s 63 70 77 € 9 9% 91 98

2 52 6 59 65 73 8 8 9% 92 B

3 w4 53 60 67 4 79 8 & 86

4 WL 4 48 54 e & m om 79 80

5 36 38 4R 48 5, 60 65 69 72 72
6 33 35 38 43 49 55 59 63 64 65
7 26 28 31 36 41 46 5L 55 57 58
8 21 22 26 30 35 40 4 4149 50
9 W 20 22 27 31 35 39 42 43 44

10 16 17 19 23 27 30 33 35 N 38
11 15 16 e 21 24 27 30 32 33 34
12 15 W% 17 20 22 25 217 29 3¢ 30
13 15 16 7 19 2l 24 25 27 28 28
14 1 W 1 19 21 23 24 25 26 27
15 LY 17 1 19 2l 22 23 2, 24 25
16 1 18 18 19 21 2L 22 22 23 23
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L K [
PO THE L S

The theoretioal distribubion of zenal temporature determined by

Blino¥ is in very good egreement with empiriesl results.

North Pole Seuth Pole
. A ,Bqua&or L '_mq

\nh

by
"\I -

Figure 158.:}(1'119 Distribution of Zonal Tempernture along the
Meridien nccording to Obsexved Data (Solid Line) and Blinov's Compu=

tationa (Dashed Line),

In figurs 168 the solid lins showd the temperature distridhution
ot son level along the meridian according to the smpiriocal data by
Homnne and Zurings The dashed line shows the theoretical distribubion
of tempernture st sen lovel bosad on the first line of Table 67. From
this graph 1t is seen that in the Southern homisphero the two ourves
praotiocally coirmido. while in the Northern hemisphere the discrepancy

moldble

doss not exosed 2° . It is rmarkaﬂo/ thnh the theoretionl and empl=

rioal temperstures coinoide at the poles (=20 degrees Centizrads) and

et the equator. Thoreroro the amylibudo of ‘the ourve is acourabes
kS b (o
|
\ W 1 "
Antarotig Z [lm USSRy 1™ 2
. foe 11 L
‘\( o N
! ~ ¢
\ )
\ - 8 f
‘ 1
\ . T
\ \ d
Vo \ kb
\\ s \\ .o
R %o
Al
-3 \, b N3
b “| _djg\
ot} by W
/’ '
83
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CONTZTITIAL

‘. Jets e g/ '3 wb; )

(Figure 169, 8y De /\‘l‘umpera’wro Distribution with Helght Obbtained by
Obgervation (Bolid Line) and Blinov's Compubatiens (Dashed Lino)

Yadrid  Five lon ‘- San Diego |-/ % lon

T ' b
S |
t | v
2 o Wb §
N - J rca
A ;
t v ‘:\\ [y
. \ -
. &
N\ o J';\ o
N, ; N,
M N
™ 7 3 =7
N e =6
n -
r“:“'.l }-"..!;,
¥ T
¥ AN
N, ‘\
= v . =id N
LY o
i "h '} .}}.‘
A ; 1
= " -} }
L===J o R L " y J— l.n PR -ml
e Ao u s

.
(F"lgura 159 s O Td’f‘ Temperature Diatri‘au‘bion wyl'bh Hoight Obtninod 'by

Obaervation (Solid Line) and Blinov's Computntions (Dashed Line)
Figure 169 o, b, 0, 4, shows temperature alatribubion with height

for the different 1atitudess Figure 169 o, oorveaponds £o the 78° latis

tudes The solid ourve represents the results of B:h-#ka Antarotio Expeds
ttlon taken at Little America (W— 78°34'S J Y= /63° 58 W Ve

Figure 1690 b, is the USSR date for 66 = 60 degreos North and

69 o, is ‘the Madrid date, and figure

Sy L - '
59 4, 18 the result of the radiosonds resey¥ron at Sen Diego 52.3‘/’-!"1 )

for 30 = 39 degreas Easte Flgure

117°F W o

From all of theas figures it 1s seen that through oub the atmos=
phors up to 9 = 10 lllomaters sbove the surface of the earth, the onle
oulated ourves practically coinoide with the empiriosl ourvess Only at
great heights (parbioularly at low latitudes) do the diserepenoiss bew
fwesn theorstionl and observed results beocoms significant, grewinp=thst

?,ho lower stratosphere is oaloulated to be warmer than is aotually ‘the

[-1:%: -1

@?&an@f_ T
7

vt }
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AMEITNY

o ten suipmid b U'!h.

Iy BeHapioR &0
v, D@VODHITEYN'S ANALYEIG OF THE DIURNAL, TEMPE RATURE

Virivagatl TN THE MEXING LAYIR

{he questien of the diurnal temperature varietion in the mix=

ing layer was anelyzed by As Dorodnitsyn, who ceneidered the heat in=

ol oo @eChivge,
»’;ﬁ due to radiams “brmrm as & given funotion of time, The temper-

abure of the air ie determined by the turbulent ’blwmocnduabivity,
Seest 2 xe
radiation; aa-wa-lrl-w-bynthe advee’civa heat trensfer, E:mphe.e:‘.zing 88=

#Hew /44'.;,‘..1 Wity

pecielly the heat inpwt qorosmeored by the turbulent tmmmr ox‘ air=

masees, Dorednlteyn takes the equation of the problem in the follewing

) . — . P g i
formi (,Q QL :“’%:__‘ (‘/,_f.,i.. )-'r.(’cpﬁf(;’s-, </
at P 7%
(1)
- . @.
or .,,g--:: - .,:ﬁtu ;\ .«--- > ¢
o 23
(2)
are j""‘-“' frs £

whero / -—-/\/05»,9 und/d“ 2, '/) 48 o heat in%é‘-’i“ﬂmvﬁm due to

rodiation and advection.

Advectio?'g;*oi‘ course, mm—w height and time, How=
evor, nocording to Dorodnitsyn, the variation of ‘tempersturc with time
duo to odvection is very slow, and therefore oan be negleoted in the
problem of the diurm\l variaetion, lurthermore, Dorodnitsvn ::onsiders
that the heat inp\t% duo to radiation in the lower layer (J;-e kilomcberm)
is small compared with tho hoat in :rdua to the turbulent heat trungs
for. This asscumpbion is corroborated by the faok that the diurnal vari-
ation of tempernture is observed only at the lower(kilome*:or)layer.
Wera the offect ol the radia/;hmenorg;y as significant as that of the
furbulent hoat transfer, the diurnal variation of temperu‘burz‘!\would

In estimabing the effeot of all the various faotors on the trans=

por of heat, Dorodnitsyn points out that ab the lower kilometer layer
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s

f‘f‘xl”-'" ,
SR 54}' A

the heat inpub due te radiation constitutes only sivf;i';a. parsent or
& fragtion of one persent of the heat iﬂ;é? due to the turbulent
#ﬁhc;:é:ondusblvlby. Thus, Derednitsyn considers thah the funetien
P dopends on & only and net on ¢, in wvlew of the negligible
effect of Whe radiaﬁ'énargj/:;d the leng period of edvechien,

Lie
The solutlon of the Hmoaonduoﬁiviby equation

iy
s(15) - ¢e (3)

is gsought by Derodniteyn in the followlng fLorm
Tlt) = Totz)ywrfe,t) (L)

whoro 7; 1 the mean dlurnel temporeture valus. VWhenoe we geot:

.él‘-’ﬁ.e’.i o aT d% S't (5)
5S¢ T8t ) 3. T4z T3z ?

Conoaquan’bly, tho oquation (3) is transformed into
[/\-—-‘)-fu-(/\ 2)+9m; (6)
ginee a%(h g{d) and Qs (2)  are functions of height only, md/g

thoretons, squation (6) breaks up into two independent aquations:

(1 2E) 4§y =0 (7)

fre n () ®
Dorodniteyn doss nob undertalke the solution of equation (7),
ginee he believes that the wvalue of the mean dim)nal ‘temparature oan
be detemnined, for example, by the Kihel mothod (chapter&0). He
only troats the equation (8), and assumes the following lsw of A

versus holght voriation.

A=A (1re —e™) (9)

-8 -
g6

|
!
|
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PR R w‘

f‘f\
,,,N b st ? Mc‘

The quantity € is introduced 8o that at & == o, )\
will be i:n the order of the moleculsr tempevabure conductivity, Let
ue nots that this assumpbion corraaponds e the hypothesis that the
oarthisurface is ’3&3:’@ diveid of vegetation, In eonneetion with
tha equatien () Dorednitayn also diseusses the process of soll ;hh%'go/
conduction, taking as congtant the coefflolent )\ of the anil hwﬁmc-"
condustiviby, Therefore, aseording to Dorednitsyn, the problem oawes

I T

aewa to the inbegratien of the followiny oystem ef equationsas

\ 5 3
% = —aqE(A -é—:) when 2>O

oY S [y (10)
a3t é:'.(A él) hin 249

where - g the doviation of the soll temparature from lto meon
diurnal valuo, No initinl condltlens are attached to this problom,
gineo tho poriodic temporubure variation 15 sought, The boundary
sondibions are formulated as follows: ab infinity d’l of the perlod~

le temperature vuriations censs, Therefore

T(2) =0 when 22—y + 0 (11)
tt)—0 when 2 =y = 0

(12)
Furthemore, Do;adnitsyn agsunes oontinuous varistion of temper=

abure ab the earth's surface, 1.0

~(0,t) =*(0,t) (13)

S
,,,,,, =

»M
Finally, Doyodni‘asyn formulates the (ggﬁl“ ditioy of heat balance
ab the surface of thu earth, Without radlmb “gpansfor this Lowndary

sondition would be as followd:

KL“’KNT‘* K%‘L = AR é when 250
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“/»‘ﬁv
However, wikh radiatiion end the inceming flow of o rAGLAWD
enargy, the beundary eendition expraﬁsia"; of the energy belance mudt

be taken as follewa:
P = g AL 0T (1-D) W)
K35z K52 (1-1) ' ()
where I' is the reflectien fachor of thy earth,
Since the equatiens to be integrated involve ’C‘ and noet 7,
the boundary eonditien (14) must be expressed in terns of T,

Lot ) ) ,
Tt = T = v f)

T =Tote) +1(nt)

WE =W, =W,

¢,
¥ [

/ Tha
whore W, is tho moan cli("z@nnl hoot inpwt from sun and e abmosphere,

then tho boundary conditien (1L) bacomes:

-t ~— 4
3T A = e 3T g A8 m [ Tole) T (e X) [ -
—RF - KR R TR T e

i

=TV — (2 —I“’)M () whea zro;
(16)

11', thore exlsts also v%ﬁ;san diurnal salance, then we have
=X
* e | — » éT" . -"If f 4 b ¥ :.7.. w
-5 "é‘;f ==K Ty we G, (J) - (J -Iﬂ Wo whew = (17)

(‘r"" ; .
Cagttindiostessy

trfyan (16) and (17) wo gob:

(11,6 = ol +1 (087 — oT70) — i & +

LKA whenzeo ()

~

S
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P ‘3\15' we
] 'Lnt,jw

This fourth boundary condition introduses a new function
W (t), whish, accerding to Meredniteyn is a given funetion,

he bewndary conditien (18) L6 non=linear with respect v T )
whieh cemplieates the solublen of the given problem, Yo oirewnvent
this diffieulty, Dorodnitsyn lineariszes this boundary eondition in

the fellewing manner, It is obvieus, thab

[T+t ()] - eTHe) = fo T+ o)

Letting
P 3 — n e
o T,” =m0 == CONST. (20)
ConTdin iy T /)
and neplecting the Germo Aéf gocond degree and higher, Dorodniteyn

belloves thut his olmplificatlon results in an error not in excess of
10 percent il lnstend of tha righthand side of (19) we simply bake /"'t.
3ineo the rodisiion torm is small compured to tha ﬁh‘:;ggonduchivihy
torm, according to Dorodnltayn tho resultunt error conneeted with the
boundary condition will neot oxcoed 5 porcant, Congcquently, the
boundary conditien (18) is supplantod by:

(1 -4, (¢) :-,u‘f(&;r’)-— /(45\-% ~/»/\"m;§;§\" when == O (21)

B

Thus, the problem of the diurnal tomporature variation Sgﬁ;é“
dewn to tho inbegrabion of the system of equations (10) with the
boundary conditions (11), (12), (13) wd (21).

The solubion of these equations is sought in the form of ‘the

Pollowing iufinite series:

e(z) =y By (D cosvl s Ty ) (D sinvit]

AT
= *

’1'*(2,6 = Z_Ecw (z) cos vuit *“C,)y (2)sm yut)
V=)

Une piven funobion Wy (t) is also reprosentod in the form of

an infinite seriest

o0
- R .
W, (4 =\,Z£9y cosywl + b,sINY w] (23)

FOMTInTATIAY E]
RIS AR
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gubstituting the series (22) and (23) into the equations of
the problem, end equating ceefficients, we got & cloged system of
pquatlons defining G’,Y; Tiv 2 f(};"; , :i}*:, !

Deredaitsyn dess not enalyze the problem of eenvergenca of
the “hLained selutien, but enly leeke for a particular selution,
Subsbituting (22) inte (10) we pot:

-V, y (281N ywt + vm:w(:') cos VWl =

= sy EET eyt
=N [(Lve =) ] dos yuwrt +

-+ A %@ + & - ") -—:1//%:7 sinal

(ay)

8inco the relationship (24) is setistied for ony valuo of b,
¢ bl

bhen wo pet:

=
i

§ "/'l‘ a

N RPERLTY, R

P\O“%.} (146 —c®) L= Vwr, &
2L qa !

Similarly

L
v = VW, (2) (26)

H

~
—VWT (2)

DT
"

TRV T BN
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Pvpres,

A
~oad by, HE |

Cria gy ;'}7

For the boundary cenditions we gaty

T, )= o=
I 8 o "
f,. (0 =17, (o)
.+ ” rx ¥ -
[y t8 s o= by (e
1 « ,
ﬂl ] JRil je cnen DI
(a7)
CIBUTIET et 220
o
/~  Totrodusing new somplox funetlena
. L) s o
- B y-;..' : . )
T, =Ty T Ty ) =Gy TGy
(28)

~ multiplying the second aq\m‘bioﬁl\(éﬁ) by 1 ond adding it bo the flrat

equatlon, wo gat

LR A ""H R A YRR »)
Yoyl G-l A (29)
gimilarly the equation (26) is bransformed a8 followat
\i‘ ;u g ooy " -
A\ M R (30)
We flrst solve eguation (30) vwhose characteristic equation
is X .
P hi e )
(30h)
whence I o o
B R Sl 21
“/_:3: lv/ \,\;"
(30A 1)
t
Congequently the two particular solutions of the squation (%0)
Are
(308)
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¢
P

SRRy
THFIRE T

The segend aip of these particular selutiens must be disearded,

gince it tends to infinity at Z= =8a , Tharefore we have:

x ¢ DN " }" ]
T'z = ((*‘s R (31)
R ~ &l’\‘
In (31), separating the real part from the ima inary part, we pet @r,u‘*'" AR
V
N
The equatien (29) ls considerably more coaplex, ginece it has varinble
coaffielents, To begin wlth, we detarmline the typs ef this equation,
Differentiasing (29) we got:
P (31-0)
Furthermore, Dorodnltsyn changes vembawsss according to the
formule
s ' LTI .
(32)
Sines
-5_:'.. g ’ ¢ _ ' . y ol .
a2 el N . (32=a)
and
(52-b)
(52=0)
wa have '
T s . ¥ .
- RSN

3

i
;
H
i
|
i
t
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=

g
3
x..ni. uﬁ‘ni

and the equation (29) i8 gpansformed inbe

A (4‘+f~i”"““)(l#;:\"rn‘@“""' I, —[Ro (1#EIme%

Aol ! clx?

1 5 ‘~ LA C“r; l,‘h R
i (v e SLUERS e ] .:r;i, PRAUNIELS

(%3)
14 pri 1 ien
\lg express the coafiicient of gho (irst berm of equatic
(3%) brmeé‘m of X, Frem (32) we have:
(s €)e™ =1 (35-0)

Consequontly we pots

JNA el »‘n‘:
&, (1r =) (1H€) T mte
) eme !_‘_:3:\«,\1. —‘ }\ ,ﬁ)mz(\-x\ X (350b)

NGRS #E)

from (%3) wo obbuins

Adn lot Cl? ’ ‘U‘J)?’.,':O
—f\b(l Fe)mi U"'XJY-::__‘{’ -..L)\,&\ 'ré.,) i +( XD -—ft- ol . (35-6)
art
or

(1= vy =0 (3h)
x(\*ﬂ-w.* A+ (1 @dy T

Letbing
(o e
A, (1€ )m?

we got
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ultﬂg gp’,cy“’, 4
LT FYS N

and lettliug

—~ -
| et
Oy

e
fl
|

p.‘

—

24

=1
1
f=2
~

whenae we have

I oo PRI 3 g BN punssegl

\J "' 4 Iiiq(lt"‘}m:

and finally

U AR Yo e
7((;~:i)-;{-;;§- «r-(/-«\j }7-:;‘ -+a'ft, =0 (57)

This equation reprosents 8 pa"x‘ﬁm}tw enge ol Lthe well=known
equation ol the hypovgoone brie soriesn

x(1=x%) % -+E— (d+8 PE]—-}% ~afy =0 (30)

/

with

f=— ol

The equatlon (36) 19 not suscoptible to elemontary inte-ratlon.
Tho integral of this equation is given by the follewing infinite hyper=

goometric series:

_ x) = d/3Y+,J(u*nﬁ(ﬁ-rl\ 2 e s
y = F (58, )=+ TTE e | (39)

Howover, the hypergeomotric soriss (39) connot be teken ag
the solution of our problem, since et Z.-3> dy Xy = o and,
therefore, this solution does not satisfy the boundary sondition at
infinity, and o different solution must be sought, For this purposs

Dorodnihsm,fﬁéés the sume series but with different paremeters
A
— (%), ot - / _:L
g,~( ) F (el ol A L) (10)

-~
e zsrfymw
Hn‘ 0 i f] aat
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In our case G= =& § =] . Consequantly, ¥ have,

p

o thyeiop- e

A

where A,, B, OF¢ arbitrary constanie destermined by the ‘poundary

cenditions, and F ie & hypm'ge@mabrls gories,

Consoquently, the required golubien ip deflied by the para=

netar o o lowever, this gerles eeavarf

a3 ealy in the rezlen [ %] =1

whereas the boundary condition tnias in 7= 0 , Loy for X ¥ & ,

yhore & is & vary&am/frw. Ther
will not eonvarge 1a the reglon & °
By meosns of the indusbion theery,
annlytic conbinuation of the hypergeons by
in Lho rogion of /X f-< /, and finds tho

(37) in tho form of

ofora, the obtained selutien™

Derodaltsyn gonatructs an
. B
i¢ series I («,8, 20 +1,7)

golution of the equutlen

[T ) -,..’ 2 -t
b, = (A ‘b'f/(@/,v ‘ ‘Gzy) (L2)

The proviously obbained selution {

51) eun bo Lakon o8

’C;':(CVMDV)(@Z';, SO (13)

Upon sepurating ghe real und imaginary parts in (L2) snd (L3),

we havo

'CI,V = év@:,v - Bygg

»y n— .
Lyv™ Ay O +0,0

RY

Y (L)

~% ¥ w
Lu'\) _— C»@W - Dy @Z,V

¥ %
(2)1) - Cvg;,v'i- DVG“\)
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(ﬁnw SE TR A
i - :

R )

Substitubing (LL) inte the bownda'y eonditions relehierships,

and transforming, we pab equations in terms of A, and B, 1

(Jh.‘/ 2, o "'\‘} t Iy - g:«,"x. 5
™) - N y ;
(1=1 s ',,\1‘ o \:,: . (L)
e, ¥ ir
where
s N~ .
¥omaul, ks e L
I % ¢ ¢ f o, v . f
X - e ! ;Y oo v " (L&é>
Dy TMT LTINS, TR (S T
whanee
i ' L)
. v f=.

To illuatrabe the obtained solution, Lorodnltsyn computed
the thaoro'bic;l;,:t‘mﬁpern-bu:'e variation at the eiby of Slguts}: on 8
clear, cloudless duy of 13 July 1938. The W vel uoes viere obtained
:\c'clnograph;(ouuy. The following values of paramebters were usaedy

2\0 =. 8,1 meters per second, K = 05X lO-‘s‘

WP T

ocalories

4 2
per moter. second xdegree

M - A = 0,9 x 107¢

il
e
S
=

moters per second
K® = %X lO"”KﬁBéLmn culories
por me'l;e’r/:éeocnd P

degree
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PR il SR BN
RETEE A
IS 2 | i

"

As is seen from figure 160, the yesults of this galoulation

agros closely with the gbserved results.

v, THE 'MIEORBTICAL MBTHOD OF DETERMINLIG THE

DIURNAL TEMPERATURE VARTATION

The questlen ef the diur{xal verlation of the alr temparature
and of the underlying suvfacf;a?: teking into assount the atmospherle
radi:\@ heat tranafer, was analyzed theeretically by M. z. S*hvata.

By using tho method of Buseessive appreximations, liivete simultaieous=
1y solved the equation ci‘lbhﬂ heat i-n;m-t and the equatlons of tho ra-

dlank enargy tranafer, Lpen vary general ssownptlond.

N
2% Lo
."‘: ‘\
16° . v
' v
[
! /—\‘\\
.
L N lay
i M s
¢ [/ A
IJ i IM “ \
=& + \
- - ':G \‘
. ’
"léo' ’ e )
NG , Y
3] Sveaet
=/ &9
e & === me §
cesats B tecad
4

/

¢Figure 160, The Diurnsl Variation of Temporatwre, by
porodnitsyn: (a) Computed Temperature at the 2-meboyr
itedghts (b) Observed Pemperature ot the 2.metor Hoighty

(¢) Computed Temperature of tho Zoil; (a) Ovserved Temp=

erature of the Soil.)”

"

If‘ar the asl:.wb&ng equution in the study of the poriodic temper=

ya )’ﬂfﬂz
abure veriations, Shvets tekes the heat impwt equabtion:

T 3337y o8y 1-2f
aﬁ_ ﬁk‘ﬁ-{-c—%’e()&-k&'r,@.l. 2fE), (1)
- -

2T
AREE i
wuisribenTiAL
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1
3

PBERT

i
¥
(AN
w ) *

assooiating with it the equations of the radiant energy transfers

%:apu (A=FE), (2)

58 =dpu (ff—B), , (3)

& = —afip, 106, (b

where I 18 Lhe shortwave selur radlatlen, and # 1ie the zenith
angle of tho sun,
Sinee there is & constant fhermal oxchange takimg=pimee be-

twoon the ‘n»ir"’md’ the uaderlying surface, we must consider the equa=
it A .
tion o;‘/‘acij, ia addilion to the nbovowoiwed equationss he=t—~digtrtbus

4lona
T A (5)

whoro ths noborisk donobes tho quenbitios which choraeter’ “tho
(2™

wnderlying surfuee (soil or water).
Finally, bebweon the air and the underlying surface thero '
-h&lces-p}&;é—vadsrmsrannaf moiééux"e, in the form of water ovaporation
from the underlylng surfuce, or ix: the form of the water vapor conoen=-
tpoation at the same surfnes, 'Therelfore, with the above equations we
must also associute the equation of molsture trma{;&kh.
Lobting Q denoto tho specific humidity and noglecting the
horisontal turbulent molsture {.mm-ﬁer, we got tho following equation

of the turbulent molsture trrnxsffto;h.

3Q . 2./
=g E) (6)

Formulating the boundary conditions, for tho upper atmospheric

boundary we have:

A= 0 when 2 = 0 (7)
2 = \,\/ (‘g) Wb P o A i
T g
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GONFIDENT AL

At thae und@;'lymg ﬁuxvi‘aae & lmr tempex'a’uu;' Qiuan‘aiué@?ﬁ

T

r ig asswnad o adiztn
Tle i) e TR L
Tle, =T (0, 1), (8)
and also
Blot)= LE(GT), ) (©)
//"
where ¢ i8 the "gray factor" to account for the ameror than
¥ o
thu-i'-blaelé-b@dy-’radmtlon oapaeity of the underlying surfece,
Regldes, at the underlying surface the followlng heat balanea
conditien must be fullfilleds
- —z =t =01 (10)

Aix
whore # 1lg the qumtity of woter eveporabing par wnit surfoace,
/m

which i equal to the ve-lwoﬂy of ovaporatlony M=-- "aiﬁ , L
ig the latent heat of evaporostion, T is the refloction .fnct:oz' of
the underlying surfaco.

Finanlly, it is necusagly ’co formulabe tho boundary condition
for Q 8t ==o0 , or for the v&l—aea-by of evaporation. The rate
of eveporation ot the soll surface deponds on many variable factors,
g1l of which cennot be gonerally socounted for, However, if the evap=
orntion talces place from bbe water surface, the boundary condition for
the moisbure is quite simplo. 14 is notursl to consider that at the

weber surfuce, the alr 18 consbently tad completoly saburated veith

bea water vapor:

O lo,t) = Q. (11)

n order to ostimabe the relative importance of avaporation
i1 tho hest belence, Shvets assumos complete saturation at the soil
surface, observing, however, that the rete of water pvaporation from

-G8 -
7

g ' oy i
M—lr.l“;,k” fia i
PO . i

D - ) -
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i e
cond il

dry sell ig congiderably smeller than that from & melst seil surface.

Al elements of the atmespherie heat palenee evidenge & well-
pronounced difnel verletion, the olessie exemple of whieh is repra=-
gented by the diurnal varigbion of 4w direct selar radiation, In
order to arrive at the most genersl expressien for the diurnel veri-
atlen of soler radistien, Shvots proceeds ln this wey:

Neglecking, for simpliciby, the variatien of the earth-te.oun
distonce, then the emownt of energy per wilb of horizental surface,
por wnit of time, ond in the absandd of tho etmesphere, is given by

the formule Tel g where I, 1is the soler concliont, By

W54, E s
moans of Gtha well-lnovam relatlonship in spherieal trigonemetry

‘
e s B
& LI Y

(11=a)

wa gob

(12)

whore ;‘/ s tho geographienl latitudo, & iz the angle of tho
golar declinatlon, & 1g the angular valoolty of tho eerth, Con=
sidoring & ko be constent over gha 2lj-hour perioed and assuning the

following relationshipo

Mo A AR \
=g~ CEE |
" r 5
N=1,t080 e | (13)
. -
we pob
s 4 N ez (1 )

formule (1l) is only epplicable fo the e values for which

L 5.0, L. betwosn the times of sunriso snd punset, when I 4 MWewd 1“‘,/) '

lamainideios , WhoYo the negative root , =0T, corresponds to sunrise, ond

ghe positive roob +wTy sorretponds to sunset. At 611 other hours
T = 0.
- % -

o s

‘f?fff;fﬂg"“' a7

WA AT L by
SRR
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-

LunnigriEts

dhvete expresses both pertions of the surthééiéﬁéydiurnsl
variation of tie direct selar radiation by means ef a single con=

tinuous funetion, ra?éééqhtné«hy»the Fourier Serles

n N am:’[).i
[U,;Z Jrd T
-G

(19)

v

in whieh he deems it sufficlent te taite enly the firet feur terms,.

The expreosasicas ey the rirst four coefficients of the serlies (1Y) are:
P

N T i = \\
= ol 8L, poodo e s
= " B s T i
J. - . ¢ . \
M i | |
4
, room
[ =
e )
/ byt
Wy - -
%,
'«
-
‘ N e !
,::-:3— oL { (16)
Jd o ¢ /
I N - 1
M a2
7y "
- - ¢
s S /‘/

The decresse in tho soler radistion caused by the uﬁmosPhnre&

oan be easily ucoounted for, Integrabing squution (L) with the boundw'y
condition (7) we gob:

e
-§o® ;/‘c*

B
ihe e

Jrai)=W

—~

(17)

Consequently, with the atmosphers prosent, the earth's surfoce reculves

the Pollowing amount of solar radistion:

s 3 p:;/:
Lo t) =W e L.

- S -
/18]
poMPInCITLE
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P

g T

4

e
-:J LR -J’;‘.

or, if we intireduce the ceeffieient of transperency, F%? ¢ o .
we have

Jiot)=W() piecé = ¥ Jne-f,,wr
" (19)

Shvets compiled deteiled tables of tho valuas of the firet
three coalfiolents of the savias (19) for the vaz'i%a'ﬂmsﬁ’; &, and P,
Thus, the dizdnal veriation of heat ';npui. due to oM ghortwave

golar rediation eun be ropresented by the following Fourlor Suries:

Tt =T =5 e~ = Ty »J(20) (20)

where I (z)  4s the moon diurnal velue ol tho heat inaput, It e

naburel to seok the solubion of the system of equationa (1)=(6) in the

form T=Tl2) -F'r(z,ﬂ-, T = T(:) ')""u”(Z,f);

Substibuting the expressions (21) into tho oguatiens (1) to (&),
we got two systems of oquatlons. The tirst systemwhich defines the
meen diurnel values of the required funotions) 18 not analyzed by Shvets,
¢ince he assumes that these mean diurnel vulues cen be determined by
other methods, such as Kibel's mothod (chapter 20), The second 8, stem
dafinos tho unknown deviations of the required functions from thelr meon

diurnal vulues, and is as follows:
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S P AU R VR (1)

at o ol g€ i

28 o) m'!”f” ] ()
Widind

LI (%)

N «

b8

1y e:> 3 EY "3;" It

LT A (9

‘)l S

e L9 gare Coal

TR T 0 (&)

Shvets alse makes corresponding changes in the beundary condi=
tione. Since &t the underlying surface there is assumed complete
saturation, the pressurs-of the saburated-water va::éi: ,:éepond.a only
upon the temperature and is given by the Magnus' formula, then the
bourdary condition (11) can be taken as:

Glet)= Q/G)*g(af)uv.:zzxs/o prEees (
fﬂ 6_&)

where P, dis the air pressure ab the carth's surface. Since T= T+,

we have:

T8

5(0) *‘3/0,7'} e 2.‘-6-«%15:.{9 2:-«5;(2::.1..) v /D ,7'-.“'15“ —
&
(6=b)

= Qnmx (OZ}-"’ lj% h /O.T(olfja

Thus, the boundary condition far q (0, t) with sufficient

acouracy, can be taken as:

%(o,f) =v-1 (0,), (114)
where
Y= 745’ ¢ [n /0 Orw (0) (11-a)
- 02 -
o3
T
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He i?“h
L)k‘%“ ki ’i r u‘s -

The rest of the boundary conditiens are cbvioualyt
a=0 at Z = m,}

J=mwlt) at Z= (7
T=T" 2= 0, (81)
b = be 2 =0, (90)

-K%I:- *K'-S%‘”LDP-S-“ =ambor(1=0)). (100)

Finally, the natural boundary condition is that of the final
decay of all the temperature variations at infinity:
~ =0 when R =ROQ
Cremp when 2 oI -0 } (22)
Shvots considers w== ?‘" =f ‘to bo a vory small constant quantity,
and tharoforekl}e looks far the solution of the system (1')-(6') in
the form of the infinite power series ﬁ the parometer &
N oo T ZQ “+ £ (Z,f')—r-.,.
e 7 (M) et(nt)
q::%(:;}*a'ﬂ,l?.”'*“" (23) ‘
b by (2f) Feb(2,t) + e
g =qo(zt) T£g (1) + o0

Substituting the series (23) into the\éguabiﬁxﬁsﬁfgﬁ (11)=(6!)
and inte the boundary conditions, and equating the coofficients of the

terms of equal powers of ¢ , We get the following system of equations

defining Ty, Ty ato!

8% . __a_ _a_:u

FERAR (24)

3% = o (25)

3z ! '
26

3by = o, (26)

d%

it = -§1; (27)

ER “

o o (28)

3t . 9

PRSP b e R e S
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!r’éJHl? EE“E:F

i

and the follewing boundary genditions!

éTe +K .g_Ta ......L(}D :iﬂ-'q Ry o (.2 "'I’)J whén 220 (29)

=Ty when 2= Q)
b‘=S€c when R= 0,
%=yn whee 220,
T=d =g =0 when 2= 0Q
J -Cd{k) when Zm=ol
T: =0 whey o =00
s— ~ P .
Similarly for g, 13 , @, obe,we got:
éﬂ-_..,sl_a (8, + b = By = 2/¢0),
dz 42
.é-z::_.é—;\gﬁ*§
Jt o ¢z
6 o fko'“'f‘?o'
2
éi, =__é__D as
o2 oz dz2
- %2*; +\<”‘~g"' LeD %%’z-*c\.—-b, ab %
T = ! at 2
b|=é/“’rl at &
at 2

(30)
(31)
(32)
(33)
(34)

(35)

(36)

(37)

(38)

(39)

(40)
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T, =4 = G =0 st Zm= 99 (lH)
=0 o Z==00 (ko)

he solution of equaticns (2h), (27), end (28) Lis ought in

the form of the fellewing infinite serloc

e

To =Z Tcn(Z)'e-mu' \
=5

Fh~ )

minwt (n
T:: ZT:A(Z>A£‘N )

el

20 . .
YA A
9,22 ) 9o (200277
-

gubstitubion of (L) into equaticns (2l),(27) ond (28) results

-
ot -

{n the folloving equations lor the detormination of i . e W

%R%m ~(NwTsm =0, (15)
d \ DT o (n 7Y, =
R =0, (19)

:%.D%?" +{NWGen=0 (50)

tnbegrating (25) with the boundmry condition (5%), we gotit

a,= O, (51)
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COHFFn T

Noting that w3
6N 40T W Te =M To

(52)

end upen integrating (26) with the bewdary eendition (%1) we gets

» 00
-inwt
by = 5/“2_;:0" (o) (55)

x
The beundery cenditicns for Ton s Ton ond 9¢n bacome then

§urtn 0 32 — k3 —2Dp 3= (=1

0z

otk 2= 0 (5h)
Ton = o 6 2= 0 (95)
%on=VTOn at z = 0 (56)
T = oz © B 2= 0 (57)
T = 0 b Z ==00 (56)

4

Shvote donsidors the coofficlent of goil temporature conductivi-
ty Xﬁ ne boing conatant with depth, and he also considors the cooffie-
olent of the turbulent temperature conduchivity A o be squal o the
coefPiciant of turbulent diffusion, ond assumes it to vary with holght

according to tho relationships:

?\'.:Ro-:-CZ when Zé h’

)\"-»‘:/\o +ch Nch = consht  when z > h,

where /\o 18 the coefficient of molecular temperature oonductivity.

The solution of equation (L9) whieh sabisfies the boundary
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GomHBEnT!

genditien (98) is ae fellevs:

=BtV TR (5)

«)

where B, is en arbitrary gonesant of integratilan,

Shanging veriables we haves

_zc_\/ U’w)/\ =X " _d_f_: %.2nwx~) (60)

=

and the oquations (Lf) and (50) are trensformed intoi

.i)f d 7o = XTon =0

o - i ((Jl)

e daon - —

a;?‘-;‘.— - XGan -—O) (€)
oA

WY

The golubions of these equatione are given by the Boosol's and

_;.u
Neymon' ‘4 £'unabmns :

o (x) = §n* Nofx) = 2,0 Yot 2>/ h) (63)
%On:f'% ‘TO(J(} ‘*‘gn‘/\/‘,&):?d(x}

-

where R\,‘, Sr\ \ R)\ ‘ én are tho arbitrary constonts of intopra-
tlon; I is':é?assel"n’ funobion of tho zero order, N, is Neymen's
funection of the sero order,” Zo 18 & oylindrical funetion.

/"T'_" -
b z> h vo heve

= A TR
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~
vhere A, aund An 8re the erbitrary conctants of inbegretion,
Besides he bowndery conditions (L1)=(L6), the ohtained selutians ¢

7 (h=0) = To,n (h+0) \
Gen(h= o) = Fo,n (hwo)

\ - N
1029 Ly (re)

= CY3
Slaatn=dc vy (he0) )

'é S

Satisfying the bewndary eondition (58) we haves

B =Rt In (1) + Sn Mo (%) (66)

Yo elimi.ote further from the boundary condition (54) the
£
temperature T of the underlying surfaco. According to (59)

wo hove

. Y Y P S et
PRI c-ﬂlo*\/..cna.w". By = TP Veinwd'e Ton (OM

o & (67)
Noting that nccording to (%2) we have
~ ~ 5
Rn::\/l?ns 5, Vn (68)
and thorefore
%an = W Ton (69)

holds for the entire spuca. Consoquently, the heat balance equation

booomes

~Np (Q?-+ Lv) %%Q"" “+ Q*C* m ¥ 8/"‘>Ton = (1'm\;)n ("70)
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{l’f' J; ;“,.H: .

IPIES

Using this latest expressien (70) of the heal balance gquation,
Shvets estimates the mééfﬁ‘&.-ee of the vericus facters affecting the

input and the oulpuf toriis of the heat belance, fer @xﬂmples

8/.4 = 18w 10'2* cal/d@g.cma gecendsy P’é = 15 gm/mn
¢ = 0,95 oal/pm. degree; Ax =T X 10“" em‘?/ﬁﬂwndﬁ
0, = 0.2l oal/gm. degree; H ¥ 1 Y2 = 0,9 oal/gm. depree

(This cerrespends to thv; Wepwy vapor px{:‘ntme of 10 millimeters).

Uiith thase velues of the peramelers, bhe arounb ol heat used te heat
the soil '3 i about three tlmes &5—8)‘6‘0#5-'&6-"’9!16:;;“&6“}}‘5 of--heat lost in
rediution, The quantity of heat used up in evaporation is less,” ch
abcut the same 08 tha heat roquired to heat the air due-'ta turbulent
H\emccncluctivity. Furthermore, for still wober A == 1.8 10~8
square centimeters por soeond; consoquently, for water g‘ :‘*\,‘_-'::;::: 0,135
end for the goil it 1s 0.19. Theraforc, the diurned verlotien of
the alr tomperature over porfoetly otill water 18 obout the somo 08
thok over dry soil, However, the turbulent mixing whieh takes place

in moving wuter rudically changes the relutionship between the compon=
ents of tho heut belunce. The cooifioiunt of the turbuleont temperature

conduckivity of woter is several thousend times as great as the molecu=

et
1ar coofficiont, Therefore, in the case of an ocoan, the term P‘“ SN Ny

W

in the equelion (70) is hundreds of times gronter thon the other
left=hond berme of this equotion, This meens that the solar radistion
is predominontly used up 4o hoot the oowan, ond only a negligible por-
kon of it is used to hant the air.
Nep,leo‘cing, 4cho negligibly small terms of the gcean surfnce heat

balance equahwn, ’chm equation coan be written as follows:
A

(=T

Ton = (1)

—m.o

/e
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Subshituting the Ton expressions from (63) into the heat
belanee equatlion (70) we make wse of the following wall=known relation=

ship in the theory of eylindricel funetiens

dZe o 7
dx ! (Ti=a)

Then, after ebvieus tronsformations, the equrtion of the heat

balance becemes
(1-T) 0= Re¥n* Sn¥a | (e
where

Y= (60 r CpVBEE (1-0] T 00 A

- f’<°~° +vL)o\/2.~.?a_"_=.(:+L\I‘C><,§'

\ "= 5:8',9. = Q‘P‘v‘—._’%j; (‘ - W Nh (&Q b

I (73)
- ECCP&-V:—3 Ve C=ON, (),
S
The conjugate conditicns (65) rosult in the following two
equations:
-\).__...W.h_ “ (0 I
Qh(;" Aareh "Rﬂzo(x") +SnNo\M>'
(Sl g" - "'"““"LL 'h —
A T =
o (7h)

= ‘\) - —'ﬁﬁa HU?hI | (\(w + S, M, ,'D'j
Eliminabing Ay from (7h) we get:
Ry Gyl = 4, 0] #5 M) = W, Wl=o ()

umu
o 00
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Kquations (72) and (75) permit us ‘e determine the arbitrary

constants of integration

/ML Ll <R J.k‘:.‘.
LL
.
= b4 R
I % R P ) Lo A
L ft
(76)
.
dnd, /‘”’37/‘ At 7 e b

(77)

We direet our nttention now to the dotormination of functions

[} & Foaoom@ P
T , a, b, which depond on th&-&em:r:phwmo-md\twimmwer. Sub~
stituting ’lzho \ob’balnod expr&&e&em—eﬂ “’c\o , By » by into tho oqua=

tions (36)=(L0) and into Lha boundury conditions (L1)=(L6), we get:

-wa
i ¥ - Fe Bt

"%?qf': "CP?'/‘“Z.‘D*‘ deminet (79)

| %P . L

o ) (80)
QFEL é ?\.f —éz.;*‘
EI - AT (81)
39 = .2 A 2%
*Ed 52 (82)
37 5 37: -
-—\<-5—:;_--~f~\<°‘a LW‘ a,- b, (83)
O
142
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ﬂl_ﬂnrtl A

(8L)

" for %7 0
T, =T (85)
9=V (86)
Tma, =9, =2 whn 2=, (87)
T O Whe,, 2w @,

(e8)

Integrating (79) with the bowndary condition \87), wa gat:

0\:*%?5“26 «.nw'ff

& (86~2)
But, nccording to (L) we have:
Ly At AooSln
N . —_ 38
r‘“ =i 3%2" 'g‘é:“ de= nu 52 (88-b)
%
Consequontly, we got
~ g a» _”‘_v-u
v By, Vi
a= MZ A 82 (89)
oW e Z

Writing the boundary condiblon (83) as follows:

ot Los By -t AN :;‘ et
Z\/“h}‘\". b el B = "_.'/i Z" 5h & (90)

we procsed to seak tho solution of squetions (78), (Bl), and (82) in

the form of the infinihe sarms

) u}_*l* ) c-mwf‘

»(“" %0 * 3 ev-n\w (93‘) *
, = X (2)0 !
Zua n
o0 =nwt
%, . %ﬁmcz} ¢
- R .

/7.3
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To determine ’(M \T;’n ond G,y We geb the following equatiens:
|

Ef" " ':: — i 5 e (0) *@9 (6) = BTt (2), (92)
d }{‘,.JTJ,*" Wt =0 (93)
d % don o inwg, =0 (9h)
a—é f a%“ -+ ¢ %

e o . v Y o K 3% 2=0 (95)
-—-K.‘%—{Lﬂ *"K"é'""‘-*'é/“.(m'—L‘fA’J:l __.....A".—-a.ﬂ
a 0

’tm '-"TJ,:? (96)
Qi = VT (91)
Q=m0 S BT (96)
"Cl"fx‘ =0 Lingay e E &) (99)

Chunging vorisbles in equation (92) by meuns of:
-E;- Vo inw A=k
C

4hen this equatlon becomed:

AT
_“-L-x dn “+ KT, —-XLM?O,,\(XL\) .&/5,),7(,’(0/ 2T, }Algloo)
dx dx

The partleular solution of the non-homogeneous sguation (100)

ig as follows

QJH‘\ V\..JL/L‘\ Low &j ,( 53 ful{ T)( .f)fbj (101)

i lon
which oan be wverified by pubstitution, The genersl golution of equatlo

(100) porZ.&h  has the form of

C/(G
M* f?,nT. <f)+ Smwo(x +‘""‘ B‘,MTOA (XOB ‘f‘@J‘n 0} +,V-F ] (102
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E{?ﬁh‘ Dy,
ke 3

and for Z>h it beceomas

T ® Am [ .."}",%m it D«'t‘,n(m N ¢Jh (O) "'/‘*’3 %&ﬂj (103)

whera Ay, 1 Ran 1 84 are arbitrary conetants, Fquations (102)
and (103) oan be B:meli:t’lad/y neglecting the right-hand wdéde torme
MHEX gx and /(‘(‘?.’g;"w- which are mmdreds of times smellar
then the other terms., To determine the arbltrary constants, asceount
nust be taken of the conjugate condltions of tha solublons (102) and
(10%) at 2 = h, bogldas the boundary conditiong, This eonditlon, a8

alroady shown, resulto in the relationship
Ryn(Torfi) # Sy iV -iN,] =0 (103-a)

Shvobo polntad out that tho cooflfloients Ryn S Ore
smol) compared to Ry and 8y o Therefore, we cin negloct tho
torme oontaining Ry and By and Por tho cagse of zh, the

golutlon becomas:

R ) — 22 T )] S et ied
’?n-Rﬁan‘ ‘&urj{ *S“w(x)-lt%/\)"&ﬂ (104)

"""‘._‘.‘ﬁ-a—-jn(())‘

wh
and for z > h it becomes

T =G hle” T e uTen (0 +6%: 0] a09)

]

pory e I e ST
Exprossions (104) and (105) show that Ashm&l—nxr_ enlesdon has
o groater effect on the diurnal temperature variation in sumner, when

A
bobh the hunidity € ond bhe solar radiabion sre grewbers

- m -,
23
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PRTITSIRRES

Bhyels' selution eof the system of equabtions (108) fasilitﬁbes
golving the problem of diurnal variatien ‘iﬂ affeative em!m“.on.

-+ Finally, Shvets was sucoessful in formulating & theoretleal explanabieon
of the peculiar diurnal temparaturse varia‘stcn over uha 00aan, Gowke /
evidonoad=bi= the inerease of tha amplitude eE‘ varin’bian with helght,
vhereas this amplitude deereases with helghl over land. This poouliar-
ity ls explalnable by bthe effect of the radiﬁr/ﬁ‘ heat wu‘na?ora

It was shewn above, 't’.hnt. ovor land, tho offeet of the radient
heat tranafer on the diurnel air temperabure variation is less than
that of the turbulent heat transfer., Over the ocean the elfects of
theso two proeensses aro approximabaly equal.

To antlsfy tho condlbions of cenjugacy at £ =h as well as
tho eonditions of equality of water wad air temperatures at &= 0,

we gaot the conditlen (57) and

}_r ; (106)
=T __.,...,:..w (=4
D«/."n e
whenoe we pote T
- * r A —
/ I _,,"e”- — CI-"-A)‘?‘—&J’& ) (0
Im s YeAgmao 1on
=485 J/
(g
S = — (AT (108)
e 1AEET ‘EZ"'“‘”

114
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where

= Ny Cray =N (A1) .
L0 G miet G64) N (o) - [ Ma )~ M ACY

(109)

o, = T (npy = d, (o) _
T, ()i ) | M) [NeCed) - EBACE

oLveTs oites tha following exampler J = 704X 10771

jp= BT X 107 (whioh corresponds %o 50 degrae latitude, tho

nonth of Hareh, and the eosfflsient of grennpareney 047)3 F=n00)
5,4&:/.9.40"‘; Tso.l; =04 =2 =4 L. =vpo0 ot fois
-T‘Uatﬂv st v a1 {Ya,;,‘ L9 '

T = 0.0H Cot/ts T 0,04 A T 0:014 o A W+

110
- O.OM i BuburE (120)

and at the height of 20 moteres
T = —-O.?LM M,ﬂﬂa,cgm‘g‘éﬂﬂ (111)

Tn swmiarizing the rosults of his very thorough malysis of
the diurnal verintion of the alr temporutura, Shvotd grrives at the
Pollowing important conolusions.

The dlurnel voeristion of tho air temporabure dopends on numer=
ous physicsl paranoters and/k'ﬁoé;a}l;ofl:m,zoi‘a the parameters which
oharacterize the physioal properties of the underlying suriace. Shvets

cite. & numbor of tablag which show conolusively the offact of this '

m?.? pe St
paremetor on the seporate harmonics e the diurnel air temperature
ﬂé/r‘d Ay e
o berbiom o

The expenditure of heat in the eveporstion of moisture from
the soil surface has an approciable offoct on the heat balonce, How=
aver, the effect of this factor is not easily sogounted for, since
tho fector depends on the moistness end gtructure of the soil which
vory quite irrepgularly with btime ond Bpace.

ghvets' oaloulatlons indicated that the effuot of this fustor

frequently does not have to be ‘kuken into account.; gome justificabion

ettt ™

of this eonclusion Shv 'cé-—_s?s&{& in tho mubual compensabion bebweon the
= ol Py toffrren
amounts of heat expended for evaporation from the gurfacs of thesmodst

- 117 -

G ded e o
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hﬁr’ 5“ “'{?",
fla

i !

- ;/,."

sa&, B d- b oarrespendmg. te thg ?aoa#i rﬁﬁoﬁu&rﬂmﬁw. For ex=
anple, & very meist soll leaaa ;mre hem; than bha dry seil. However,
the grouwnd reflection Qac;t;/v ot' Hm moiat soil 18 eonsiderably less
than that of the dry seil. Therelore, the greater axpendnux'e of
heat l‘or ovaporallon is accompanied by a greater hpu?: of heal by Fooo
@Mu and viee varsa,

Shvate' theory alse discloses the ei‘.(‘ec/’;ci‘ -Shm alr emigwiom
on the diurnal temperature variation. He glves datailed tables for the
respactive harmonies, whieh whon added, result in a eorructicm of the
difynal temporature veriastion so as to aouount for air Mn. The
offact of air am&nﬂmn ineronaas aA bhu alr m&&t&;e and e solar
heat inpu;b booone-gronder,

Shvets' theoretlesl results permit us to determine the diurnal
temperature varistion at different hoights, Figure 161 glves several
comparisons bobtween the observed end computod graphs of the diurnal
tomparabure variation.

It ahould be emphasized that such a remarkable agreement botwaen
thacry and practice was obtnined by varying only the two parameters

"\4:"“_ and the ground reflection factor. The tremeder coofflodent o 2virpi
at t\ée height of LO meters was taken to be equal 4o 60 grans per ocentl-
me'ba{'rs'aoond .

However, the determination of the diurnsl temperature variation
is complicated by the irregular vuriations in cloudiness, which com=
plotoly distorts tho shape of the temperature curve. Therefore, the

prognosis of the diurnal tomporature variation should be preceded by

8 oloudinses propnoeds .

“ 118 -
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AL IR T g,
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iyl

u'(lﬂiguro 161, Comparison of bhe Observed (Solld Line)
ond the Computed, sccording to Shvets, (dotted line)
Diurnal Tomperature Variatlon, at the Observatory
"yysokayn Dubrava" (N.L. 50 )3 () 9 August 1YL, (v)
15 Soptambor 19LL (e) 16 Ootober 19l1.

£

VI, -ZHE TRANSFORMATION OF Tw AIR MASS AS INILUENCED

BY THE UNDERLYING SURFACE

One of the most difficult and importnnt problems of combempor=
ary meteorology is the problem of the transformation of {;hm air-“fm/;\ss.
The essence of this problem is au follows\

Acoording to the modern meteorologicul theories, tho alr which
oxlets for a period of time over the same underlying surface, gradually
acquires certaln properties, characteristie of the given underlying sure
fueo, goographical latitude and the season of the year, of el theso
characteristie propertiss, the ve}r/bicnl temporature distribution is the

most lmportant one, If the airdmass steys over a given underlylng surs

-9 .
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faca for & eonsiderable peried of time, end is only meving slowly,
then tha process af trensfommabicn, or the prooqss of maquiring new
preperties by the alr mass is susesphible of a quantitative estinate,
The first impertant contribution te theery of the alr wess transfor=
mation 18 repr@s@nﬁqd by Ghe works ef i:ibel nmnd Lallkin,

Hore we shall oubline Klbel's werk.

Just 88 in the investigetion of temparatura-varue-h@laht dig=

grivutlon, iibel starta with the heab L;fﬂg equation

et —tE =K EL) g, (arBrBs—al ). )

In the problem of tho vertleal t euperature distributlon
£ibol tekea the latt hand sldo of equntien (1) teo bo equal to caro.
In the problem of the eir mass tranoformation, the term C fDéLi-

Py
mAust obviously remain in the lefthand slde of this equation. The

equations of thu problum ‘thon becomnot

T 2. 2T
F"ir*-"‘\z/ a/\“ M‘)Q""B 35’3‘{"‘) (2)
‘-Z‘UTi)
BA ~ a ﬁwx
. Ne (3)

—3'_"3“;&@@5’?) (1)
Dt /

.‘m_a,éw»--::. B ‘L‘f f W %
R

and the boundnry condihlons are

TR mA 5T

magfE e z=o o

) 4 e, D
S—'WW“M”O Ctxbé»—-
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Nestdes, in the ¢ase of t.e seil temparalure T (the new un=

lnown funebion) the fellewing equation helds;

T %
I =KL

e (8)

where C# 18 the speeifie heati of the soll, P #, ghe soil denaity, -
N& 18 coafiisient of the soll thermesenductivity. The boundeary

conditions for T# ara:
“;"‘*'-:;:. ‘T’ /"’u 2. = ®

s ¢
T'ﬂ ,g’,g; ,Ggmnap{;’bi f/m_,.'z,_—-'—) - O (3)

Tnatead of the hoight 2 we inbroduss, assording te fibel

R RS
o now indopendent voriable, the cwebyed optieal bthleknens %‘;

|
7 =T 5 Al dn
2.
(10)
whore
o0
T | &fude
(11) ’
fes
and for t wo introduce tho neus-dimensionad time S:
YISV o] (12)

where l/w is the characteristic tlme.

Phen tho equabtlen (2) becomest

CpPuw g -).:.,/r‘-r R P
o.;.g 3% aB'#KKm‘J s lpb 2% ) (13)

Nobing that

E - 3.1 -
3/ M T S a»:ﬁ (13=0)
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o
=

o i}

113

-—-.

}5 ’U?‘a ’

mfé&&é fron T He B we geus

i 2 (Ratw2E. s PSma /£
4,!5(&):;3 25 Ta aoach-'r?a%)*A#BT / (1h)

Kikel considars the coefficlents of the equation as eenstant

and agoumas that:

s _ om=l o, Sefee N
;f;; ::-,,,m:; ((((( - ) M.ﬁ ((T'TB (15)
“nd

Then, equation (1l) becomag:

-:_m-“‘-—,tl-.a N 1:— E“"
X3 ’ ?’@7 /

Tntroducing the new variable fwnetions o ond y, defined by

the oqualitleas

H 1 ” -

wo solve (16) for ™ a™ to pob:

L2/ .2k W‘-"--BM-?-

= "
e S AN IR (1)

= ‘ « (18
Noting thatb accordlng to (L‘)"‘C jt C differentinting (18)

with respect %0 ﬂ, wo gob, by mesns of (15):

BE .L——»-L"‘Q Qﬁ—u) 'S
“/ 'Cu v Lo S N E (19)

Furtm;:moro , wo note that

'Eo dets
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pifferantiating (19) with respecti ® A and tak ing(into agem@( ;
we gevy
3 [ BB A ‘7“"—“§‘“> -8 RE —
[ 3 L7
R ) ox Teo @ m=l 3+) Ty
! \ . Q )s
_—,——-—Q——‘ ,—a———-__ / —m[?
g " Q ET )’L' N /\
(a1)
The beundary condiblons then uauomm
ﬂ’j—}__,,_._w-"_dm.- ;-K jI—- S @7".;-7,,'_‘_.'
/-‘—‘
s /’ (20)
4‘,,—-”’7
O g = 2NV ow-«a-—-—*““ ol RN
? (23)
c/lvﬂl“’( [T
FosmT %o mnnﬁ?wioul valuos, Kibel tokes: T = 2.%0 f:‘v('?wu

s = 7.25 squaro oonbimators por gram, (Rw = 0.2 X 107C prans por

cuble centimeter, <~ = 1.5 X 10=) groms per cublo centimetor,  Then
N o= m’w
1f the churacteristic tlme ls taken as o 2l hour perioed (—,};?J\o{mmca;)
twenn N 10 of the first order. Nobing that - "’-&a'_ﬁ)’fc»_;;o}{ibol, in
ogtimating the ordsr of the torma of s oquation (21), arrives at the
following hipghly importent result: away from the boundaries (%=, X=i )

equatilon (21) ewn bae repluced by & moro simple approximate oquation
SE ~
NEE-2=p(1-77)s (2l

and, only close to the boundm*iosji/s it neovssary to deal with tho
completo oquation (21).

However, this conelusion is only justified in the case wheyte 74e

o ARG -
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PONFIDENT::

charaeberistie time is of the arder of 8l hours, If the aharacheristie
time is longer, the erdar of magnitude of the coeffieients of the first
few terms of equation (81) end the erder of magnitude ef the quantlities
¥ become equal. Then, equation (21) cannet be m by be equa-
tion (2L).

Kibel points oub that in thle case gha beundiry layer "swells up"
go o apesis, This is eonflimed by Fhe Pash that tie annual temperature
variations b«k@-ﬁ:m eonﬂidﬁrablynggfnﬂi:aféégggn than the dlurnal,

Temparatura varistions extend Lo great heights and thus oxpross the i'neb

of whn alr mass transfermasion,

i “ e { A ! .
R R O B L4 g5 8 W9 °C

[

{Tigure 162, Tho Aotual (801id Line) ond—fioel-domprted

% e y M d .{A /
Pomporabure verous Hoight Vuriation);g»«d 74T C;'W" &

/,')/ A7 bl (@Mf«'{ Lomne |
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Pl

Kikel limited himsell to the analysis of the annual temperature
variation,

Sinoe the equabion (21) and boundury cenditions are linear, ben
the solubion (8l) oun be sought in the fora of an iafinike trigowetris

series such a8

£=%o K%)’:i (B avmert By (8 sin e (25)

where B ocorresponds to the mean-annuel temperature distributien
vith helght,
Selar radiatlion arriving at the upper atmospherle beundury een

aleo be telen in the ferm of en luf'inite series:

of
W=W, %—2_(\/\{,'\ (o S e\, iy ion S (a6)

Substituting (25) ond (26) inte (21) and oquating tho coofficients
I egees ;tunr

of bne-eq»ra—l—-:mﬂeﬁ term U 7 Kibel obboined lellowing approximnle solu=
tion of equabion (21) which satisfios the boundury conditions (22) and

(25)
_ el 1 c.h[,&.,_L\-*ﬂ-kQ =l ,P,e-)‘\”"_____
En)={T o )

-Q’QQ'P\ Y \/Vf'n
¢ 5’&,& ﬁ’ | mB Aoy e | .
pp: Ve | = — R AP \P)
BT L (27)

whore
— - ) e
Ly Ty AT
t ]
/J/A = [0 ..--—qud.»w
}L:*;,-—m*:,,

»*m""

.L_.»Zﬂ_tM_

M ot | 1/ A.’*w
,l.»w:“‘/\l Kc:f_*g
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For & nwnerieal exmmple Kibel takes the folloving parametera:
1= 1,79, Te = 32.6) /9 =02, Then U Rz 0.5 N s 0,02l
A-am A-.Bﬂri)r-mp EMMMvaKmﬂﬁmkﬁm

!ilankoviah'V‘buuk for the L0 degree latitud tesswiing the ground

-.:Jp/

]
reflecticn fantoqﬁto he equal bo 0404 5

l
'su

fibel debermined that Wy = O Ofﬂixé Wy = Wy =0
He alse compubed the tempe-ature distribution for February

and August, [Figure 162 ghowe the observed results and the r.sults

of Kibel's calewlations, whish shew m very geod epreemant,

~ END =
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